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Abstract 
Background: It is well established that different fatty acids have varying effects on 
health, however, there is currently no up-to-date national dietary data examining the fat 
intakes and the food sources of fat contributing to the diets of adolescent females in 
New Zealand (NZ). 
Objective: To examine the intakes and food sources of total fat, saturated fatty acids 
(SFA), polyunsaturated fatty acids (PUFA) and monounsaturated fatty acids (MUFA) 
among adolescent females in NZ. 
Design: Using a cross-sectional, clustered, multi-centre study, 145 adolescent females 
aged 15-18 years were recruited from eight high schools across NZ. Participants 
completed two online self-administered questionnaires to assess 1. demographics, 
vegetarianism and health status and 2. dietary habits. During an in-school visit, 
participants completed one interviewer assisted 24-hour recall, and had anthropometric 
measures taken (weight and height). A second 24-hour recall was taken via video or 
phone call the following week to allow for intra-individual variation. Dietary data was 
entered into FoodWorks Professional software for nutrient analysis and the multiple 
source method (MSM) was used to adjust data for usual intake. 
Results: The mean fat intakes of adolescent females in NZ were 34.3% total energy 
(TE) for total fat, 12.8% TE for SFA, 5.3% TE for PUFA and 12.7% TE for MUFA. 
There appeared to be no evidence of a difference in fat intakes between ethnic groups or 
weight categories. Compared to the New Zealand 2008/09 Adult Nutrition Survey 
(2008/09 ANS), intakes of total fat, PUFA and MUFA were higher and SFA were 
lower. Compared to the National Health and Medical Council (NHMRC) and World 
Health Organisation (WHO) recommendations, 53.1% and 80.4% of adolescents 
exceeded recommendations for total fat, respectively. Despite lower SFA intakes 
compared to the 2008/09 ANS, 83.3% of participants exceeded both the NHMRC and 
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WHO recommendations. Polyunsaturated fatty acid intakes remained below the WHO 
recommendation for 68.9% of participants. The top three food groups contributing to fat 
intake were bread-based dishes, potatoes, kumara and taro and poultry for total fat; 
bread-based dishes, biscuits and cheese for SFA; nuts and seeds, bread-based dishes and 
bread for PUFA; and poultry, bread-based dishes and potatoes, kumara and taro for 
MUFA. Compared to the 2008/09 ANS, butter and margarine did not feature in the top 
10 food groups for any type of fat consumed, while consumption of food groups 
containing processed food items such as bread-based dishes, cakes and muffins, snack 
foods, snack bars, biscuits, pies and pastries was greater. 
Conclusion: These findings suggest that based on usual intakes, the diet quality of 
healthy adolescent females aged 15-18 years living in NZ could be improved to reduce 
chronic disease risk. Further research is warranted to assess the relationship between 
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Adequate nutrition during adolescence is essential for growth and development and 
creating healthy dietary habits that track through until adulthood (1) to prevent diet 
related chronic disease (2). Dietary fat has important roles within the body, such as 
providing a source of energy, aiding the absorption of fat-soluble vitamins, acting as 
precursors of multiple hormones, and is an important structural component of cell 
membranes, lipoproteins and plasma phospholipids (3, 4). Different types of dietary fat 
influence health in diverse ways. Intakes of saturated and trans fatty acids (TFA) are 
positively associated with chronic disease, in particular cardiovascular disease (CVD) 
(5-9). Saturated fatty acids (SFA) and TFA both increase harmful low density 
lipoprotein (LDL) cholesterol concentrations, which leads to the development of 
atherosclerotic plaques (5-9). Trans fatty acids also decrease beneficial, high density 
lipoprotein (HDL) cholesterol concentrations (10-12). Conversely, cis-unsaturated fats 
are negatively associated with CVD (13-15). Polyunsaturated fatty acids (PUFA) and 
monounsaturated fatty acids (MUFA) lower LDL cholesterol concentrations (9, 14). 
Essential PUFA are metabolised in the body to produce eicosanoids which play 
important roles in thrombosis, blood pressure (BP) regulation, and inflammation (3, 16). 
As the development of atherosclerosis is thought to start in childhood and adolescence 
(5-8), dietary fat intakes and foods consumed by adolescents are of great importance. 
Thus, an important aspect of dietary assessment is to assess the different types of fats 
consumed over the lifecycle, including adolescence.  
At 37 kilojoules per gram (kJ/g), fat is the most energy dense macronutrient which can 
be easily overconsumed leading to increased energy intakes (16) and a higher body 
weight (17). While the relationship between fat and type 2 diabetes mellites (T2DM) 
appears to be largely influenced by body weight (18), obesity is positively associated 




and 12 different cancers (20). Furthermore, diets high in fat increase the risk of 
colorectal cancer (21).  
The National Health and Medical Research Council (NHMRC) advises that total fat 
intake remains between 20-35% total energy (TE) and SFA intake provides less than 
10% TE. Furthermore, the World Health Organisation (WHO) recommends intakes 
between 15-30% TE for total fat, <10% TE from SFA and 6-10% TE from PUFA for 
the reduction of chronic disease. We currently have no up-to-date information on the fat 
intakes of adolescents in New Zealand (NZ) in terms of quantity and quality, as the 
most recent national surveys analysing the dietary intakes of adolescents were the 1997 
National Nutrition Survey (1997 NNS) and the 2008/09 Adult Nutrition Survey 
(2008/09 ANS).  
It is important to monitor the fat intakes of adolescents in NZ over time in order to 
identify trends, and areas where public health initiatives are needed to improve overall 
health. Therefore, the purpose of this study was to assess the fat intakes and major food 
sources contributing to fat intakes among adolescent females in NZ. This will allow us 











2 Literature Review 
2.1 Types of fat  
At 37 kJ/g, fat is a concentrated source of energy (22). Most fat consumed in the diet are 
in the form of triacylglycerols, which contain fatty acids, namely, polyunsaturated, 
monounsaturated, saturated, and trans (3). Other forms of dietary fats include 
phospholipids and sterols e.g. cholesterol (3). As well as providing a concentrated 
source of energy (22) and increasing palatability of foods, dietary fats play important 
metabolic and physiological roles within the body. Dietary fat aids the absorption of fat-
soluble vitamins, are precursors of multiple hormones, and are important structural 
component of cell membranes, lipoproteins and plasma phospholipids (3, 4). 
Polyunsaturated fatty acids are further categorised into n-3 and n-6 fatty acids. Alpha-
linolenic acid (ALA) (an n-3 fatty acid) and linoleic acid (LA) (an n-6 fatty acid) are 
essential in the diet as they cannot be synthesised by the human body (4, 16). These 
essential fatty acids can be desaturated and elongated to form long chain omega-3 fatty 
acids (LCn-3 fatty acids). For example, ALA is a precursor for eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) (16, 22). These long chain fatty acids can be 
metabolised in to eicosanoids which play important roles in reproduction, haemostasis 
(platelet aggregation), thrombosis (anti-thrombotic), BP (vasodilation and 
vasoconstriction), and inflammation (anti-inflammatory) (3, 16). 
Monounsaturated fatty acids and SFA are non-essential as they can be synthesised by 
the body to meet physiological needs (4). Trans fatty acids are also non-essential and 
exist in two forms; ruminant and industrial (23). Ruminant TFA occur naturally, while 
industrial TFA are produced by partial hydrogenation of polyunsaturated vegetable oils 
during food processing (22, 23). Both TFA and SFA have been shown to have negative 




2.2 The development of disease and adolescence 
2.2.1 The role of fat in health 
Diet is a major modifiable risk factor of chronic disease (24), and different fatty acids 
have varying effects on health. Diets high in SFA or TFA are linked to CVD due to the 
increase in LDL cholesterol concentrations, which is strongly associated with 
development of atherosclerosis (5-9). Trans fatty acids also reduce HDL cholesterol 
concentrations which have been inversely associated with CVD (10-12). Alternatively, a 
diet high in n-6 PUFA decreases LDL cholesterol (9) and reduces the risk of CVD 
events (13-15). Few studies have examined the effect of MUFA (14). A systematic 
review in 2015 concluded MUFA reduces LDL cholesterol, albeit, to a lesser extent 
than PUFA (9). Both PUFA and MUFA have little effect on HDL cholesterol (9). 
The Ministry of Health (MOH) food and nutrition guidelines for children and young 
people suggest limiting high fat foods; especially those high in SFA (2). When a 
macronutrient is reduced in the diet, it must be replaced with an alternate source to 
maintain energy balance. The benefit of reducing SFA in the diet to reduce CVD risk 
depends on the type of fat, or macronutrient replacing it. Clinical studies examining the 
effects of replacing SFA with varying macronutrients have produced divergent and 
confusing results (9, 13-15, 25-27). Meta-analyses that concluded SFA intake has no 
significant effect on CVD risk, have not taken into account carbohydrate (CHO) quality 
(25-27). High intakes of refined CHO are positively associated with increased coronary 
heart disease (CHD) risk (15), therefore, it is not surprising that no reduction CVD risk 
was identified when SFA is replaced by refined CHO (25-27). Alternatively, the 
greatest reduction in CVD is seen when SFA is replaced with PUFA (13-15). This 
appears to be largely due to a greater reduction in LDL cholesterol observed with higher 
intakes of PUFA (9). Replacement of SFA with wholegrain CHO or MUFA also reduce 




As fat is energy dense (22) it can easily be overconsumed. While fat consumption alone 
may not contribute to increased caloric intake, energy balance is critical to maintaining 
a healthy body weight (16). A meta-analysis by Hooper et al. examined the effect of fat 
intake on body weight in studies which did not intend participants to lose (17). This 
study indicated that fat intake is associated with body weight (17). A greater reduction 
in total fat and a lower baseline fat intake were associated with greater weight loss, 
while diets lower in fat were associated with a lower body weight and body mass index 
(BMI) (17). Obesity is positively associated with CVD, T2DM, asthma, gallbladder 
disease, osteoarthritis, chronic back pain (19) and 12 types of cancer (20). There is also 
strong evidence that excess consumption of high fat, processed meats and red meat 
alone increases the risk of colorectal cancer (21). Evidence regarding fat and its role in 
diabetes is controversial, however, the type of fat consumed is thought to influence 
insulin resistance and metabolic syndrome, two important risk factors of T2DM (28). A 
review by Micha et al stated TFA may exacerbate insulin resistance, however, adverse 
effects on insulin sensitivity were only seen among individuals who were overweight, 
obese or had T2DM (18). Furthermore, only one out of four studies found a direct 
association between T2DM and TFA consumption which was among women who were 
obese or physically inactive (18). Another review that reported no association between 
total TFA and T2DM was influenced by heterogeneity (29). Evidence may be affected 
due to the difficulty of assessing TFA within the diet or by factors such as obesity; an 
individual risk factor for insulin resistance and T2DM (30). Reviews regarding SFA and 
T2DM are also conflicting. While SFA does not appear to be significantly associated 
with diabetes risk (29, 31), one review stated that SFA negatively effects insulin 
sensitivity, while MUFA and PUFA improve it (28). Replacing SFA with PUFA has 
favourable effects on glucose insulin homeostasis more consistently than MUFA (32). 




biomarkers of PUFA consumption are associated with lower risk of T2DM (33), further 
supporting evidence to replace SFA in the diet with PUFA. The American Diabetes 
Association recommends that those with pre-diabetes or T2DM should follow the 
guidelines of the general population (34) and macronutrient distribution, including fat 
intake, should be individualised (35). 
2.2.2 Importance of adolescence 
Adolescence is a stage of significant growth and development. Adequate nutrition is 
essential for maintenance of growth and the prevention of nutrient deficiencies and diet 
related chronic disease (2). Adolescents can become more vulnerable to the influence of 
their peers, food marketing and the media (36). In female adolescents, media body 
comparison is related to low self-esteem and body dissatisfaction (36). Low body 
dissatisfaction predicts higher levels of dieting, weight control behaviours and binge 
eating (37). Maintaining a healthy balanced diet from a young age is important as 
dietary habits formed during adolescence can track through into adulthood (1). 
2.2.3 Adolescence and health 
Post mortem studies have demonstrated that atherosclerosis begins in childhood and 
adolescence (5-8), therefore, CVD prevention should begin early in life (5). 
Furthermore, the association between obesity and negative health outcomes (19) is not 
restricted to adults. Obesity during childhood and adolescence is associated with 
adverse health effects and CVD risk factors such as hypertension (HT) and high blood 
cholesterol concentrations (38, 39), as well as impaired glucose tolerance (38, 39), 
T2DM (38), musculoskeletal problems (40) and increased risk of premature mortality 
(39, 41). In 2016/17, 30.8% of NZ adolescents aged 15-17 years were overweight 
(16.1%) or obese (14.7%) (42). As obese adolescents are more likely to be obese in 
adulthood (43, 44), NZ’s statistics and the potential health outcomes associated with 




2.3 Dietary fat recommendations for adolescent females 
Nutrient reference values (NRV) are used to identify the dietary adequacy of healthy 
individuals based on available scientific evidence (22). Various countries have their 
own reference values specific to their population (45, 46). In NZ and Australia, NRV 
were established by the Australian NHMRC and the NZ MOH in 2006 (22) and inform 
guidelines across NZ and Australia, including the NZ Food and Nutrition Guidelines (2, 
22).  
The NRV for adolescent females aged 14-18 years for NZ and Australia are displayed in 
Table 2.1. Total fat is presented as an Acceptable Macronutrient Distribution Range 
(AMDR); the range in which a macronutrient can be consumed to ensure a well-
balanced diet and reduce chronic disease risk (22). Due to the high prevalence of foods 
containing SFA within our diets (47) and the association with CVD (5-9), the AMDR 
for SFA includes TFA as both should be reduced within the diet. Intakes of SFA and 
TFA combined should be <10% TE (22). One limitation of this guideline is that the 
amount of TFA in foods is often unknown. Manufacturers are not required to declare 
TFA content on nutrition information panels (48) and limited information of TFA 
contents exists within the New Zealand Food Composition database (NZFCDB) (49). 
Recommendations for PUFA such as ALA, LA and LCn-3 fatty acids are displayed as 
adequate intake (AI), defined as an estimated value upon which an intake is assumed to 
be adequate among a group of healthy individuals, free from deficiency (22). An upper 
limit (UL) has been set for LCn-3 fatty acids, defined as highest amount that can be 
consumed and cause no adverse health effects among the majority of the population 
(22). Pregnant and lactating adolescents have increased requirements for PUFA (Table 
2.1). As MUFA are non-essential, the NHMRC have not set any recommendations for 




Different recommendations exist for the prevention of chronic disease based on current 
scientific evidence (Table 2.2) (22, 24). The WHO calculate MUFA requirements by 
subtracting SFA, TFA and PUFA from total fat (24). The WHO recognises that at least 
20% TE from total fat is recommended for women of reproductive age, and fat intakes 
of 35% TE can be consumed as part of a healthy diet (24), despite an AMDR of 15-30% 
TE. In 2011, a WHO report suggested that SFA intake for children aged 0-18 years 
should be reduced to <8% TE (16) based on a study done by Simell et al (50) however 
this would be difficult to achieve due to the nature of the food supply.  
 
Table 2.1 Dietary fat recommendations for adolescent females aged 14-18 years (2) 
Type of fat Amount recommended Pregnancy Lactation 
Total Fata 20-35% TE   
SFA + TFAa <10% TE   
PUFAb    
LA (n-6) 8 g/day 10 g/day 12 g/day 
ALA (n-3) 0.8 g/day 1 g/day 1.2 g/day 
Total LCn-3 fatty acids c 85 mg/day 110 mg/day 140 mg/day 
       Upper Limit 3000 mg/day   
MUFA  Not set   
% = percentage; TE = total energy; SFA = saturated fatty acids; TFA = trans fatty acids; 
PUFA = polyunsaturated fatty acids; LA = linoleic acid; g = grams; ALA = alpha-linolenic acid; 
LCn-3 fatty acids = long chain omega-3 fatty acids; mg = milligrams; MUFA = 
monounsaturated fatty acids 
 
*Nutrient reference values for Australia and New Zealand 
aAcceptable daily macronutrient range 
bAdequate intake 















Table 2.2 Dietary fat recommendations to reduce chronic disease 
 
WHO aged 15+ (24)                                             NHMRC aged 14+ (22) 
Type of fat Amount recommended 
Total Fat a 15-30% TE 20-35% TE 
SFA +TFA a <11% TE 
(10% SFA and <1% TFA) 
<10% TE 
PUFA 6-10% TE  
Total n-6 PUFA 5-8% TE  
LA  4-5%-10% TE b 
Total n-3 PUFA 1-2% TE  
ALA (n-3)  0.4-0.5%-1% TE b 
Total LCn-3 fatty acids  430 mg c 
MUFA By difference d  
WHO = World Health Organisation; NHMRC = National Health and Medical Research 
Council; % = percentage; TE = total energy; SFA = saturated fatty acids; TFA = trans fatty 
acids; PUFA = polyunsaturated fatty acids; LA = linoleic acid; ALA = alpha-linolenic acid; 
LCn-3 fatty acids = long chain omega-3 fatty acids; mg = milligrams; MUFA = 
monounsaturated fatty acids 
  
aAcceptable daily macronutrient range 
bLower bound as per relevant gender adequate intake and the upper bound is based off the 
90th centile of population intake  
cSuggested dietary target based off the 90th centile of population intake  




2.4 Fat intakes of adolescent females  
Fat intakes among NZ adolescent females aged 15-18 years remained stable between 
1997 and 2008/09 (47, 51). In 2008/09, total fat made up 33.6% of TE, within the 
NHMRC recommended ADMR. SFA exceeded the NHMRC recommendations to limit 
to <10% TE, and was highest among adolescents; averaging 13.8% TE in females (47). 
Both total fat and SFA exceeded the WHO guidelines to reduce chronic disease (Table 
2.2). Consumption of PUFA averaged 9.3 g per day (4.5% of TE) and MUFA 25.1 g per 
day (11.9% of TE) (47). No recommendations exist within NZ for total PUFA intake. In 
comparison to the WHO guidelines, PUFA intakes for adolescents were below the 
recommended range of 6-10% TE, suggesting intakes could be improved. Trans fatty 
acid, LA, and ALA intakes were not reported in these surveys due to the lack of 
information on these nutrients in food composition databases, and remains a limitation 
of dietary assessment in these surveys (49).  
Up-to-date dietary assessment data is necessary to evaluate current fat intakes of NZ 
adolescents as the 2008/09 ANS data was collected 10 years ago. Fat intakes among 
adolescent females throughout Australia, the United States of America (USA), the 
United Kingdom (UK), Ireland and other parts of Europe are presented in Table 2.3. 
While fat intakes between countries are not directly comparable due to different dietary 
assessment methods such as 24-hour recalls and three-day, four-day and seven-day food 
diaries, similar trends have been identified. With the exception of Ireland, total fat 
intakes remained within the NHMRC recommendations yet exceed the WHO 
guidelines. Saturated fatty acid intakes consistently exceed the NHMRC and WHO 
recommendations to reduce to <10% TE, while PUFA intakes range between 8% TE in 






Table 2.3 Mean fat intakes of adolescent females in NZ, Australia, the UK, Ireland, Europe and 
the USA as percentage of total energy 































































Australia 3-day food 
record 









UK 4-day food 
record 
33.7% 12.2% - - 






Ireland 7-day food 
record 




















35.0% 12.0% 8.0% 12.0% 
NZ = New Zealand; UK = United Kingdom; USA = United States of America; % = percentage; 
TE = total energy; 1997 NNS = 1997 National Nutrition Survey; 2008/09 ANS = 2008/09 Adult 
Nutrition Survey; 1995 NNS = 1995 National Nutrition Survey; 2011/12 AHS = 2011/12 
Australian Health Survey; 2014/15-2015/16 NDNS = 2014/15-2015/16 National Diet and 
Nutrition Survey; NHANES 2015/16 = National Health and Nutrition Examination Survey 
2015/16 
 
2.4.1 Factors influencing fat intake  
Neither ethnicity nor socioeconomic status (SES) appear to be linked to fat intake 
within NZ. During the 2008/09 ANS, fat intakes of adolescent females aged 15-18 years 
were similar between ethnic groups (New Zealand European and Others (NZEO), Māori 
and Pacific) (47). This is consistent with research among Irish and European 
adolescents, where neither study found any significant associations between fat intake 




(56, 57). Neither the 1997 NNS or the 2008/09 ANS compared fat intakes between 
weight categories. Fat intakes of non-Hispanic black’s and Hispanic individuals were 
similar to non-Hispanic white individuals during 2015/16 NHANES in the USA (59). In 
contrast, indigenous individuals living in Australia had higher intakes of SFA compared 
to non-indigenous (60). 
Factors such as country, generation, and availability of foods at the time of each study is 
likely to have influenced fat intakes, thus data between countries is not directly 
comparable. Up-to-date evidence is required to determine if there is an association 
between fat intakes and ethnicity, SES and BMI. 
2.5 Sources of fat among adolescent females 
Common food sources of fat vary worldwide due to differences in dietary patterns and 
availability (24). The 1997 NNS and the 2008/09 ANS used the same food group 
categorisation, however, foods in each category varied slightly thus data is not directly 
comparable (47, 51). In no particular order, the most common food groups that 
contributed to fat intakes during the 2008/09 ANS are displayed in Table 2.4. From the 
2008/09 ANS, the 10 most common food groups contributing to total fat, SFA, PUFA 
and MUFA intakes of adolescent females aged 15-18 years are displayed in Figure 2.1. 
Saturated fatty acids are predominantly found in animal-based products including milk, 
butter, cream, cheese, meat (22), lard and beef tallow (4), as well as palm oil, palm 
kernel oil, coconut oil (22) and fully hydrogenated vegetable oil (4). Saturated fatty 
acids are also commonly found within takeaways and packaged products such as pies, 
biscuits, chips, cakes and pastries (22). Among NZ adolescent females, bread-based 
dishes made up the main source of total fat and SFA followed by potatoes, kumara and 
taro. Similar trends were seen among PUFA and MUFA food sources.  
Polyunsaturated fatty acids are found in a variety of foods. Alpha-linolenic acid is found 




flaxseed and chia seeds (4). Legumes, some green leafy vegetables (22) and grass fed 
beef, chicken and their eggs fed a high ALA diet contain small amounts (23). Linoleic 
acid is found in soybean oil, shortening, corn oil (4) and seed oils such as sunflower and 
safflower (22, 23). Oily fish such as mackerel, herring, sardines, salmon, tuna and some 
other seafood are high in LCn-3 fatty acids (4, 22, 23). Among NZ adolescent females, 
the main source of PUFA was bread-based dishes followed by potatoes, kumara and 
taro, bread and butter and margarine. Fish and seafood were not major contributors to 
PUFA, at only 2.3%. 
The most common form of MUFA is oleic acid. Oleic acid is found in olive oil, canola 
oil, avocados, dairy and meat products including beef tallow, pork lard (4), peanut oil 
(22), high oleic safflower and sunflower oil, and tree nuts such as almonds, cashews, 
hazelnuts, pistachios and pecans (23). Palmitoleic is less common, and found in 
macadamia nuts and blue green algae (4). Potatoes, kumara and taro were the greatest 
source of MUFA consumed by NZ adolescent females, followed by bread-based dishes, 
poultry and butter and margarine. Nuts did not feature in the top 10 contributors to 
MUFA intake.  
Ruminant TFA naturally occur in meat and milk of ruminant animals such as sheep or 
cattle. (23). Industrial TFA are found in processed foods including spreads e.g. butter 
and margarine, baked goods, crackers, biscuits and fried foods (4, 22, 23). Trans fatty 
acid intake or food sources were not reported in the 2008/09 ANS.  
The contribution of bread-based dishes and potatoes, kumara and taro to total fat and 
SFA intake is not surprising. This is due to the proportion of high fat foods within the 
bread-based dishes category including hamburgers, hotdogs, pizza, nachos, kebabs, 
wontons and spring rolls, and the oil used during the cooking of fries, crisps, wedges, 
hash browns within the potatoes, kumara and taro category. Oil used during preparation 




greatest source of MUFA and PUFA consumption. The high prevalence of packaged 
and processed foods among the top 10 groups contributing to fat intakes for adolescent 
females is concerning. It is evident that the dietary habits of adolescent females in 
2008/09 were not in line with the MOH guidelines to choose foods low in fat; especially 
SFA (2). Trends seen among adolescents are similar to the remainder of the NZ 
population. Butter and margarine were the greatest contributors to all types of fat intake 
among the total population. Bread-based dishes featured in the top four sources, while 




Table 2.4 Food categorisation of the most common food groups that contributed to total fat, 
SFA, PUFA or MUFA intake during the 2008/09 ANS (47) 
Food group Example of food items included 
Beef and veal All muscle meats (steak, mince, corned beef, 
roast, schnitzel, etc), stews, stir-fries 
Bread All types of bread (rolls, pita, focaccia, garlic), 
bagels, crumpets, sweet buns 
Bread based dishes Sandwiches, filled rolls, hamburgers, hotdogs, 
pizza, nachos, doner kebabs, wontons, spring 
rolls, stuffing 
Breakfast cereals All types (muesli, wheat biscuits, porridge, 
puffed/flaked/extruded cereals) 
Butter and margarine Butter, margarine, butter/margarine blends, 
reduced-fat spreads 
Cakes and muffins All cakes and muffins, slices, scones, 
pancakes, doughnuts, pastry 
Cheese Cheddar, edam, specialty (blue, brie, feta, 
etc), ricotta, cream cheese, cottage cheese, 
processed cheese 
Dairy products Cream, sour cream, yoghurt, dairy food, ice-
cream, dairy-based dips 
Fish and seafood All fish (fresh, frozen, smoked, canned, 
battered, fingers, etc), shellfish, squid, crab, 
fish/seafood dishes (pies, casseroles and 
fritters), fish/seafood products 
Grains and pasta Rice (boiled, fried, risotto, sushi, salad), flour, 
pasta/noodles, bran, cereal-based products 
and dishes (pasta and sauce, lasagne, pasta 
salad, noodle soup, chow mein 
 
Milk All milk (cow, soy, rice, goat and flavoured 
milk), milkshakes, milk powder 
Potatoes, kumara and taro Mashed, boiled, baked potatoes and kumara, 
hot chips, crisps, hash browns, wedges, 
potato dishes (stuffed, scalloped potatoes), 
taro roots and stalks 
Poultry All chicken, duck, turkey and mutton-bird 
muscle meats and processed meat, stews 
and stir-fries 
Sausages and processed meats Sausages, luncheon, frankfurters, 
saveloys/cheerio’s, salami, meatloaf and 
patties 
Vegetables All vegetables (fresh, frozen, canned) 
including mixes, coleslaw, tomatoes, green 
salads, legumes and pulses, legume products 
and dishes (baked beans, hummus, tofu), 
vegetable dishes 
SFA = saturated fatty acids; PUFA = polyunsaturated fatty acids; MUFA = monounsaturated 















































































































































































































































2.6 Limitations of the 2008/09 ANS food groups 
The food groups reported in the 2008/09 ANS often contained both saturated and 
unsaturated fat (Table 2.4), which have divergent effects on health. Three groups are 
particularly problematic; butter and margarine, bread-based dishes, and potatoes, 
kumara and taro. For example, butter is high in SFA whereas margarine is high in 
PUFA. Unfortunately, publications from the 2008/09 ANS have not further separated 
butter and margarine, however, the category contained more margarine than it did butter 
(47). The contribution of butter and margarine to fat intake may be explained by the 
dietary habit’s questionnaire used during the 2008/09 ANS. Dietary habits 
questionnaires gather information on eating habits and dietary behaviours associated 
with diet quality and nutrition-related health status (61). Of females aged 15-18 years 
who reported using spread, the most commonly consumed spread was full fat margarine 
(44.9%) followed by light margarine (28.5%) and butter (17.2%) (61). A study by Smith 
et al stated that the percentage of males and females who reported consuming butter in 
the 2008/09 ANS almost halved since the 1997 NNS (62). Furthermore, Miller et al 
stated that butter had decreased from 7.1% in 1997 to 2.9% of total fat intake in 2008/09 
among females aged 15-54 years (63). The NZ total diet study reported that females 
aged 11-14 years consumed 5 g of butter per day while females aged 25 years and over 
consumed 9 g per day (58). Intakes of females between the age of 15 and 25 were not 
reported. (58) 
Secondly, bread-based dishes combined sandwiches and filled rolls which often vary in 
fillings such as meats and salad, with high SFA items including fried foods and 
takeaways. Participants who reported consuming dishes with multiple ingredients e.g. a 
sandwich; were coded appropriately into the individual food groups, provided 
participants were able to report all ingredients (61). When participants were unable to 




Finally, potatoes kumara and taro not only contained low fat boiled, mashed and baked 
varieties, but included high fat crisps, hot chips, wedges and hash browns. During the 
2008/09 ANS, the majority of fats and oils added during preparation and cooking were 
included in the food groups in which they were added rather than in the fats and oils group 
(47). 
Due to the allocation of foods within these categories, it is difficult to establish the 
individual foods and major sources that contribute to saturated and unsaturated fats in 
the diets of adolescent females in NZ.  
2.7 Challenges measuring fat intake  
2.7.1 Data collection and underreporting 
Validation of energy intake is important when estimating macronutrient intake to ensure 
the nutritional intake data and perceived consumption is accurate (64). The Goldberg 
equation is used to evaluate the mean population bias from the reported energy intake 
(64). Values falling below the 95% confidence interval when comparing the reported 
energy intake to the resting metabolic rate (RMR) identifies the percentage of 
individuals who underreport (64). Despite the varying dietary collection methods and 
cut-off values used to quantify low energy reporters (LER) identified in a review by 
Livingstone et al, the foods commonly underreported remained similar (65). Compared 
to those reporting adequate energy intakes, LER reported consuming more fruit, 
vegetables, lean meat and fish, and less high fat foods such as cakes, biscuits, potato 
chips and chocolate (65). Overall, fat intake appears lower in LER (65, 66), which 
suggests foods which the respondent perceives to be “less healthy” or high in fat may be 
omitted and reported less often, while foods perceived to be ‘healthy’ may be added (65, 
67, 68). Underreporting appears to be more common in females (65, 69-71), those with 
a higher BMI (65, 69-71), and Pacific and Māori respondents (65, 69, 70). While 




of women aged 15-29 years underreported during the 1997 NNS and the 2008/09 ANS, 
respectively (69, 70). Caution should be taken when collecting and interpreting dietary 
data, especially from women and those with a higher BMI or from Pacific or Māori 
decent due to their increased likeliness to underreport. 
2.7.2 Prevention of underreporting during twenty-four-hour recalls 
Whether intentional or unintentional, underreporting is selective and reasons for 
misreporting are complex and differ among individuals (65). Eliminating misreporting 
is difficult, although procedures used during dietary assessment to minimise interviewer 
and participant bias, increase the accuracy of dietary intake data and can reduce 
underreporting of high fat foods. Twenty-four-hour recalls involve participants recalling 
all foods and beverages consumed during the previous 24-hours (72) and have been 
used among some of the largest national nutrition surveys throughout the world to 
collect dietary intake data. This includes the NZ 1997 NNS (51), the NZ 2008/09 ANS 
(47), the Australian 1995 NNS (52), and 2011/12 Australian Health Survey (AHS) (53) 
and NHANES in the USA (73). As 24-hour recalls rely on participants memory, tools 
such as the Automated Multiple Pass Method (AMPM) developed by the United States 
Department of Agriculture (USDA) assists participants in accurately recalling their 
consumption through a 5-step process (72). The AMPM provides an accurate measure 
of energy and nutrient intakes in groups of individuals and reduces bias when estimating 
dietary intake (74, 75). Briefly, the dietary recall steps include 1. gathering a quick list 
of all foods and beverages consumed; 2. probing for forgotten foods; 3.gathering 
detailed descriptions of types of foods including brand names, cooking methods and 
time consumed; 4. estimation of quantities using household measures such as measuring 
spoons and cups, food aids and photographs; and 5. a final review of all items consumed 
to check if anything was forgotten (72, 73). When 24-hour recalls are interviewer 




essential to ensuring participant answers are truthful and not biased (72). Reducing bias 
can be achieved through standardised training of interviewers, adherence to interview 
and data collection protocols and accurate entry of data into food databases (72). 
2.7.3 Labelling of packages 
Food Standards Australia and New Zealand (FSANZ) states that generic names such as 
fats and oils may be used on packages (76). Packaging must declare whether a fat/oil is 
from animal or plant sources, if it includes vegetable oils such as peanut, lupin, soybean 
or sesame oil and whether the source is from dairy products due to allergen risk (76). 
Quantifying the type of fat consumed from packaged foods with labels containing 
generic names is difficult and can lead to inaccuracy in nutritional intake data (49, 76). 
For example, vegetable oil may be from varying origins which contain different fatty 
acid compositions. Palm oil is high in SFA, safflower or sunflower oil are high in either 
MUFA or PUFA depending on their origin, and rice brain oil has similar proportions of 
MUFA and PUFA (4, 23). Generic labelling also makes purchasing difficult for 
consumers as interpretation of packaging and ingredients can be confusing, resulting in 
an unknown, or unfamiliar source of fat being consumed.  
2.7.4 Food intake analysis 
Several factors can limit the accuracy when analysing fat intakes. Firstly, food 
composition databases do not contain every type of fat available. Limited details 
regarding TFA, LA and ALA exist within databases such as FOODfiles from the 
NZFCDB used during the 2008/09 ANS (49). Therefore, dietary assessment data rarely 
presents TFA, LA or ALA intake as data would be highly inaccurate. Secondly, in the 
2008/09 ANS, if a certain food could not be found within the NZFCDB, an overseas 
match would be used. Overseas products may vary in nutritional composition and lead 
to an inaccurate estimation of fat consumed by participants due to the variation in 




not specify the type of fat or oil used during cooking and so a weighted compilation of 
all the oils consumed during the study was used instead (61).  
2.8 Conclusion 
There is no current data assessing the fat intakes and food sources of fat among 
adolescent females in NZ. The last nationwide nutrition survey in NZ was the 2008/09 
ANS (47), which suggested that PUFA intakes were low while SFA intakes exceeded 
the NHMRC recommendations (47). In addition, the high prevalence of packaged and 
processed foods among the top 10 dietary contributors for all types of fat consumed by 
adolescent females is concerning. Adolescents have specific nutritional needs (2), and 
dietary habits built during adolescence can track through to adulthood (1). As the 
2008/09 ANS data was collected 10 years ago, up-to-date, nationwide dietary 
assessment data is needed to evaluate how the current fat intakes of NZ adolescents 
compare to the NHMRC and WHO recommendations due to the role fat plays in health, 
particularly CVD (5-9, 13-15). The current study aimed to address the gap in the 
literature by collecting dietary intake data on the fat intakes and food sources 




3 Objective Statement 
The Survey of Nutrition, Dietary Assessment and Lifestyles (SuNDiAL) project has one 
overall aim, to examine the difference between the nutritional status, dietary habits, 
health status and attitudes and motivations or food choices of vegetarians and non-
vegetarian adolescent females in NZ. 
This thesis focuses only on describing the fat intakes of adolescent females in NZ. 
 
The aims of this thesis are: 
• To identify the amount of total fat, SFA, PUFA and MUFA consumed by NZ 
adolescent females using 24-hour recall. 
• To identify the main food sources contributing to total fat, SFA, PUFA and 
MUFA intakes of NZ adolescent females. 
• To compare the current total fat, SFA, PUFA and MUFA of NZ adolescent 






4.1 Study design and participants.  
The present study was conducted as part of the SuNDiAL project, which aims to 
compare dietary intakes and habits, nutritional status, health status, motivations, 
attitudes and lifestyles of vegetarian and non-vegetarian adolescent females in NZ. The 
SuNDiAL project is a cross-sectional, clustered, multi-centre study being carried out 
from February 2019 to October 2019, involving ~300 adolescent females from high 
schools across NZ. This thesis focuses on the fat intake and food sources of fat among 
adolescent females using data from a subset of participants recruited during February 
2019 to May 2019. This study was approved by the Human Ethics Committee (Health), 
University of Otago, Dunedin (H19/004) (Appendix A). Māori consultation was 
undertaken through the Ngāi Tahu Research Consultation Committee (Appendix B). 
The study was registered with the Australian NZ Clinical Trials Registry (registration 
number ACTRN12619000290190).  
4.2 Recruitment of schools  
Eight high schools were recruited to participate in the first phase of the SuNDiAL 
project (Figure 4.1). Schools were recruited from around NZ, including Tauranga, New 
Plymouth, Wellington, Nelson, Christchurch and Dunedin. Recruitment of schools 
began in November 2018 and ended in February 2019. High schools that were 
considered eligible based on their location, decile and female roll number were 
contacted via email by the primary investigators beginning November 2018. A range of 
deciles was preferred, while only schools who had a roll of >400 (co-ed) or >200 (girls 
only) were contacted. Decile and school roll information was found via the internet 
where it is readily accessible to the public (20, 55). If there was no response within two 
weeks, a second email was sent, and a follow-up phone call was made. Following the 




project (n=8), a second cohort of schools were contacted. The process was repeated 
until one school was recruited for each city. Where no school in the desired city 
expressed interest or were unresponsive, data collectors (Masters of Dietetics students) 
in applicable cities were required to recruit a school through direct contact (n=3). 
Schools that expressed interest were phoned and details including the dates, times and 





Figure 4.1 Flow chart of school recruitment 
Schools selected for invitation 
n = 25 
 
SELECTION CRITERIA: 
• Female roll (larger preferred) 
• School decile (range from all deciles) 
Eligible schools 
n = 97 
 
Schools consented 
n = 8 
 
Convenient schools invited in person 
n = 3 
 
Schools invited to participate by email 
n = 25 
 
EXCLUDED SCHOOLS: 
• Declined n = 3 
• No response n = 15 




4.3 Recruitment of participants  
One hundred and forty-five adolescent females were recruited during the first phase of 
recruitment (February 2019 - March 2019) (Figure 4.2). Participants who identified as 
female, between 15 and 18 years of age enrolled in one of the recruited high schools 
were eligible to participate. Participants were required to speak and understand English 
and be able to complete online questionnaires. Participants who knew they were 
pregnant or unable to give informed consent were excluded from the study. 
 
Data collectors (n=17) visited their allocated school during February 2019 and March 
2019 to initiate recruitment. A presentation in assembly or individual classrooms was 
given to students, and further information regarding the study (Appendix C) was given 
to the school if they wished to circulate it in the school newsletter or advertise the 
project on their website. Students interested in the project provided their name, age and 
an email address by which they wished to be contacted. All participants were required 
to read the information sheet (Appendix C) and had an opportunity to ask questions 
about the study after the presentation, or by contacting the primary investigators at any 
time. Participant information was then sent to the SuNDiAL coordinators, who allocated 
each participant an identification (ID) number to ensure confidentially (Appendix D) 
and emailed them a sign-up link to a Research Electronic Data Capture (REDCap) 
(Vanderbilt University) enrolment questionnaire (Appendix E). Using the REDCap 
questionnaire, participants gave consent and completed a questionnaire on 
demographics, vegetarianism and health status. Students who were 15 years old 
required parental/guardian consent to participate in the project. Parents/guardians were 
contacted via email by the primary investigators to consent to their daughter’s 






























n = 1882 
 
Present at recruitment drives 
n = ~806 
 
Eligible participants sent 
enrolment link 
n = 263 
 
Consented to participate 
n = 154 
 
ELIGIBLE BUT NOT RECRUITED 
• No response (16-18 years old) n = 84 
• No response from parents (15 years old) n = 13 
• No response after parental consent (15 years old) n = 10 
• Parents unresponsive (16-18 years old) * n = 9 
• Parents declined (15 years old) n = 0 
• Responded to link then declined n = 2 
 
Completed enrolment 
n = 145 
 
24-HOUR RECALLS: 
• Completed the first 24-hour recall n = 132 
• Completed a repeat 24-hour recall n = 113 
• Refused repeat 24-hour recall n = 19 
 
*one school required parental consent for all students aged 15-18 years 
 
ANTHROPOMETIRC MEASURES: 
• Weight n = 130 
• Height n = 131 
• Weight not taken n = 2 
• Height not taken n = 1 
Attended school visit 
n = 132 
 
QUESTIONNAIRES: 
• Completed the health & 
demographics questionnaire 
n = 144 
• Completed the attitudes & 
motivations questionnaire 
n = 129 
• Completed the dietary habits 
questionnaire 
n = 124 
 




4.4 Data Collection 
A list of consenting participants was emailed to data collectors daily by the primary 
investigators  Following consent and completion of the initial questionnaire assessing 
demographics, vegetarianism and health status, participants were able to continue and 
complete the remaining questionnaire (dietary habits); or save their progress and 
complete it at their leisure. Data collectors contacted participants via text message or 
email to schedule an in-school appointment of ~60 minutes, where participants had their 
anthropometric measurements taken including height and weight. In addition, one 24-
hour recall was taken. A second 24-hour recall was taken the following week on an 
alternate day, via phone or video call with a duration of ~30 minutes. Participants also 
completed a questionnaire regarding attitudes and motivations around food choice, wore 
an accelerometer for seven days, had their ulna length taken and were asked to provide a 
spot urine and blood sample. Analysis of this data is outside the scope of this thesis.  
Participants received a $5 supermarket voucher of their choice from either New World 
or Pak’n Save for each part of the study they completed. The six study components 
were 1. completion of three REDCap questionnaires and anthropometric measurements; 
2. completion of a primary 24-hour recall; 3. completion of a secondary 24-hour recall; 
4. provide a blood sample 5. provide a urine sample and 6. wear an accelerometer for 
seven days. A total of $30 could be obtained. Vouchers were sent to participants upon 
completion of data collection within their school.  
4.4.1 Anthropometric measures 
Anthropometric measurements were performed on all consenting participants. An 
anthropometric protocol was used (Appendix F), where duplicate measurements were 
taken of weight and height. Participants were asked to remove their shoes, excess 
clothing, items in clothing pockets as well as any obstructive buns, braids or hair 




Weight was measured to the nearest 0.1kg using non-calibrated scales (Soehnle Style 
Sense Comfort 400, Seca Alpha 770, Salter 9037 BK3R and Medisana PS 420). Height 
was measured to the nearest 0.1cm using a stadiometer (Wedderburn Portable Height 
Rod, WS-HRP and Seca 213). Height was measured with the participants head in the 
Frankfort plane. Once in the correct position, the headboard was lowered until it was in 
contact with the head and participants were asked to take a deep breath. For both weight 
and height; if the first and second measurements were more than 0.5 units apart, a third 
measurement was taken. The mean of the closet two values was used in the final data 
set to calculate BMI. Body mass index and the participants age were used to determine 
their z-score using the WHO growth charts (77). Participants who had missing 
measurements (height and/or weight) were unable to have their BMI z-score calculated. 
4.4.2 Demographic and dietary habits questionnaires 
Participants completed two online REDCap questionnaires assessing. 1. demographics, 
vegetarianism and health status (Appendix E) and 2. dietary habits. The dietary habits 
questionnaire was completed in the participants own time. Dietary habits questionnaires 
gather information on eating habits and dietary behaviours associated with diet quality 
and nutrition-related health status (61). The questionnaire was adapted from the 
questionnaire used during the 2008/09 ANS which was sourced from 1997 NNS, and 
questions used in overseas studies (the NHANES Diet and Behaviour Questionnaire, the 
National Diet Nutrition Survey (NDNS) (UK) Survey Habits Questionnaire, the 
Australian 1995 NNS food related questions, and the Australian Food and Nutrition 
Monitoring Unit short dietary questions) (61).  
 
Only two questions from the dietary habits questionnaire were used during this thesis. 
This includes 1. “What type of spread do you use the most of?” (none, butter including 




avocado or cream cheese or I don’t know) and 2.“What type of fat or oil is used most 
often in cooking in your house hold?” (none, butter, coconut oil, margarine, oil e.g. 
olive, canola, or one in a bottle, dripping or lard or I don’t know).  
4.4.3 Dietary intake 
Twenty-four-hour recalls collect dietary intake data of all food and drinks consumed 
over a 24-hour period (midnight to midnight). Detailed food descriptions such as time 
consumed, brand names, ingredients, portion sizes and methods of food preparation and 
cooking are also recorded (72). All 24-hour recalls were interviewer administered, and 
two 24-hour recalls were completed for each participant. The first recall was conducted 
using a face-to-face interview during the in-school visit on a randomly assigned day, 
dependant on the school’s schedule and availability. The following weekend, a second 
24-hour recall was undertaken using a phone/video call while the participant was in 
their own home. The second recall took around 30 minutes. The use of a video call 
opposed to a phone call during the second 24-hour recall was preferred to allow for the 
use of measurement aids to ensure the data collected was as accurate as possible. The 
percentage of recalls undertaken as a phone call opposed to video call are unknown.  
When it was not feasible to complete a second recall over the weekend, it was taken on 
any alternate day, preferably different than the first recall. A second diet recall allows 
for day-to-day, intra-individual variation in dietary intake, and is used to adjust nutrient 
intakes to represent ‘usual intake’ of the population. A total of 85.6% of participants 
consented to a second diet recall. The days in which the first and second 24-hour recalls 
were taken is presented in Table 4.1.  
 
All 24-hour recalls were interviewer assisted and a multiple pass method (MPM) was 
used, which included three passes. The first pass involved a quick list and encouraged 




pass involved collecting more information regarding the amounts, brands, portion sizes, 
cooking methods and time consumed. The third pass involved reading back to the 
participant all the food and drink they listed, and to check for any items that may have 
been missed. Water consumption and type of salt used was collected at the end of the 
recall. A “tip sheet” and a list of probes was given to each data collector as part of the 
24-hour recall protocol to ensure adequate and consistent information was collected 
(Appendix G). Measurement aids such as household measures, food models and 
photographs of varying portions were utilised to help participants estimate portion size 
(Appendix H). Food lists containing brands of commonly consumed food items were 
also provided.  
Table 4.1 Number and percentage of primary and secondary 24-hour diet recalls, by day of the 
week 
  Day of the week n % 
Primary, n = 132  Monday 13 9.8 
 Tuesday 17 12.9 
 Wednesday 46 34.8 
 Thursday 39 29.5 
 Friday 16 12.1 
 Saturday 0 0 
 Sunday 1 0.8 
    
Secondary, n = 113 Monday 25 22.1 
 Tuesday 10 8.8 
 Wednesday 7 6.2  
 Thursday 6 5.3 
 Friday 15 13.3 
 Saturday 25 22.1 
  Sunday 25 22.1 




4.5 Dietary analysis 
Data collectors entered each 24-hour recall into FoodWorks Professional software 
(Xyris Software (Australia) Pty Ltd, version 9) for nutrient analysis. FoodWorks 
matches foods to nutrient lines of 2016 NZ FOODfiles to calculate energy, 
macronutrient and micronutrient intakes. To assist with data entry, a code book (Code 
book SuNDiAL 2019 S1- default foods and food substitutions) accompanied the 
database. The code book contained instructions to refer to when selecting certain foods 
including “rules” to use when estimating food weights when a weight or amount was 
not provided. When selecting an appropriate match for a reported food to a food item 
within FoodWorks; the energy, protein, total fat, SFA, CHO and sugar content in 
FoodWorks were expected to be within 10% of the values found on a food’s nutrition 
information panel. Nutrition information panels were found either on the items 
packaging or on the countdown website. The two values were compared per 100g. 
 
When there was no appropriate match within FoodWorks, data collectors referred to the 
codebook which also contained a list of default foods (closely related foods when 
insufficient information was provided to determine an exact food code or no match is 
present in FoodWorks) and a list of substitutions (foods with similar or identical 
nutrient values present in FoodWorks when there was no close match to the food item 
listed in the diet recall). The list of default foods and substitutions originated from 
previous studies done by the University of Otago; Baby-Led Introduction to SolidS 
Study (BLISS) (78) and Support strategies for Whole-food diets, Intermittent fasting, 
and Training (SWIFT) (79). Before using either a default food or substitution from the 
code book, the nutrient profile was checked to ensure it was an appropriate alternative.  
If foods could not be found in the database and there was no appropriate alternative, a 




nutrition information panel on the packaging or the Countdown website. The 
ingredients, yield and conversion factors were added and tallied until the nutrient 
information in FoodWorks was again, no more than 10% different for energy, protein, 
total fat, SFA, CHO and sugar.  
 
For home cooked meals or mixed food items e.g. a sandwich; ingredients within the 
database were used to create a recipe. However, when an ingredient could not be found 
and no appropriate substitution or default food existed, a recipe was made for the 
ingredient using the same procedures as above. The code book was continuously 
updated by data collectors throughout the data entry process to ensure consistency 
between entries. Any substitutions and default foods that were used, and any new food 
items and recipes that were added to the database, were double checked by the primary 
investigators to ensure they were an appropriate match.  
4.6 Quality control and data collection training 
Quality control was ensured through standard operating procedures, outlined in the 
study protocols. All dietetic students/data collectors (n=17) underwent intensive 
training. They completed a six-week research methods paper in 2018 as preparation, and 
a further two weeks in early February on all the SuNDiAL project data collection 
procedures. The February training focused on informed consent, conducting research 
and the collection of data (anthropometric, dietary intake, fitting accelerometers and 
handling biological samples). All students involved in the SuNDiAL project were 
required to undergo the same training.  
 
Necessary checks were made to each variable prior to statistical analysis to identify any 
potential errors and outliers by looking at the means and distribution of the data. Any 




One hundred percent of FoodWorks entries were checked by the primary investigators 
by comparing the hard copy of the 24-hour recall to the information entered into 
FoodWorks to ensure data was entered correctly, consistently and with a high level of 
accuracy. Furthermore, recalls were then ranked by individual nutrients (energy, 
protein, total fat, SFA, and CHO) and the top 10% of recalls for each nutrient were 
checked once more to ensure any values perceived as high were not caused by entry 
error. If any mistakes were found, the appropriate data collectors were contacted, and 
the necessary changes were made to correct the food item. 
4.7 Statistical analysis  
For the larger SuNDiAL project, assuming a prevalence of vegetarianism of 20% and a 
design effect of 1.5 for school clusters, a sample size of 300 participants will provide a 
power of 80% to the a=0.05 level to detect 0.5 standard deviation (SD) difference (a 
“moderate” difference) in continuous outcome variables between vegetarians and non-
vegetarians. Ultimately, the number of participants used in this thesis was determined 
by the number of participants that had complete data available by the 16th April 2019. 
 
All statistical analyses were performed using Excel (Microsoft Excel for Office 365) 
and Stata Statistical Analysis Software (version 15.1, Stata Corporation, Texas).  
Demographic characteristics (age, ethnicity, weight category and school decile) are 
presented as number of participants and percentage of total population. Participants 
were categorised into one of four ethic groups based on prioritised classification using 
the prioritisation order of Māori, Pacific, Asian, and NZEO. Weight categories were 
based on WHO BMI z-score. Z-score categories were as follows: <-2 SD = thinness; 
between ≥-2 SD and ≤+1 SD = normal; >+1 SD = overweight (equivalent to BMI 
25.0kg/m2 at 19 years); and >+2 SD = obese (equivalent to BMI 30kg/m2 at 19 years) 




(decile 1-4), medium (decile 5-7) and high (decile 8-10). A low decile indicates a higher 
proportion of students from low socio-economic areas compared to other schools 
throughout New Zealand (20). School clusters were not accounted for in the analyses. 
 
Usual intake was estimated for each participant using the MSM model to adjust for day-
to-day, within-person variation which predicts habitual consumption based on a short 
term measurement of dietary intake (48). Data was checked for normal distribution, and 
if there was evidence of skewness, medians and interquartile range was used in place of 
means and 95% confidence intervals (95% CI). Thus, usual fat intakes were the reported 
in two forms: 1. medians and interquartile range for absolute fat intakes, and 2. mean 
percentage of TE, 95% confidence intervals (95% CI) and range. Following this, fat 
intakes during the SuNDiAL study were compared to the 2008/09 ANS as mean 
percentage of TE. Mean differences were calculated alongside 95% CI to determine if 
there were any differences in fat intake by ethnicity (NZEO and Māori) and BMI z-
scores. For the latter comparison, participants were further categorised to non-
overweight (BMI z-score of ≤1) and overweight/obese (BMI z-score of >1). Usual 
intakes for the total population as percentage of TE were compared to the WHO and 
NHMRC recommendations. 
 
Following data entry, foods were categorised into the corresponding food groups used 
during the 2008/09 ANS for analysis. Using Stata, for each participant the proportion of 
total fat, SFA, PUFA and MUFA intake from each of the 33 food groups were 
calculated. The top 10 food groups with the highest mean percentage (95% CI) for the 
population were reported. The top 10 food groups contributing to fat intakes of 
adolescents were then compared to the top 10 food groups contributing to fat intakes 





5.1 Participant characteristics 
Participant characteristics are presented in Table 5.1. Of the 145 participants who 
enrolled in the study, over half were aged 15 or 16 years old. Most participants 
identified as NZEO followed by Māori, while 4.2% identified as Asian and 3.5% as 
Pacific. One participant did not report their ethnicity. A total of 13 participants did not 
attend an in-school visit and did not have their weight and/or height measured. Two 
participants did not consent to having their weight taken, one of which also did not 
consent to having their height taken. Therefore, both were excluded from the weight 
category analysis. According to the WHO growth charts (77), 64.6% of adolescents 
were classified as having a normal weight, while 34.6% were classified as overweight 
and obese (25.4% and 9.2% respectively). Only one participant was considered thin. A 
total of 9.7% of participants attended a school that had a decile less than five, whereas 




Table 5.1 Participant characteristics 
    All participants (n = 145) 
Characteristic n   % 
Age, years   
15 28 19.3 
16 54 37.2 
17 60 41.4 
18 3 2.1 
Ethnicity   
NZEOa 104 72.2 
       Māori 29 20.1 
Asianb 6 4.2 
Pacificc 5 3.5 
Missing 1  
Weight categoryd   
Thinness 1 0.8 
Normal  84 64.6 
Overweight 33 25.4 
Obese 12 9.2 
Missing 15  
School Decilee   
           Low 14 9.7 
           Medium 85 58.6 
High 46 31.7 
n = number of participants; % = percentage of participants; NZEO = New Zealand European 
and Others.  
aNZEO includes: New Zealand European, Ethiopian, Somali, Italian, American, Nicaraguan, 
Irish, Afrikaans, Dutch, German, South African. 
bAsian includes: Filipino, Japanese, Indian. 
cPacific includes: Tokelau, Fijian, Cook Island, Samoan. 
dWeight category based on BMI z-score, calculated using the WHO growth charts and BMI 
(weight (kg) ÷ height (m2)) for age. Thinness = <-2 SD; normal = between ≥-2 SD and ≤+1 
SD; overweight (equivalent to BMI 25.0kg/m2 at 19 years) = >+1 SD; obese (equivalent to 
BMI 30.0kg/m2 at 19 years) = >+2 SD (77). 
eSchool decile is a measure of the socio-economic position of a school’s student community 
relative to other schools throughout the country (20). Low = decile 1-4; medium = decile 5-7; 





5.2 Fat intakes of adolescent females in NZ 
Usual fat intakes consumed by adolescent females during the SuNDiAL study are 
presented in Table 5.2. For the total population, the mean percentage of energy from 
total fat was 34.3% TE, 12.8% TE for SFA, 5.3% TE for PUFA, and 12.7% TE for 
MUFA. Compared to fat intakes of adolescent females who took part in the 2008/09 
ANS, total fat, PUFA and MUFA intakes were higher by 0.7% TE, 0.8% TE and 0.8% 




Table 5.2 Total fat, SFA, PUFA and MUFA intakes among adolescent females in NZ 
 Amount of fat consumed (g) 
 
Amount of fat consumed (% TE) 
  
 Median Interquartile range  Mean 95% CI Range 
Type of fat             
Total, n = 132      
Total fat 73.5 26.5  34.3 33.4 - 35.3 17.3 - 50.9 
SFA 28.0 11.0  12.8 12.4 - 13.3 7.2 - 21.0 
PUFA 11.0 5.0  5.3 5.0 - 5.5 1.5 - 9.0 
MUFA 26.5 10.0  12.7 12.2 - 13.2 5.5 - 21.0 
       
NZEO, n = 92 
 
    
Total fat 74.0 25.0  34.2 33.0 - 35.4 19.3 - 50.9 
SFA 28.5 12.0  12.9 12.4 - 13.5 7.2 - 21.0 
PUFA 11.5 4.5  5.2 4.9 - 5.5 2.5 - 9.0 
MUFA 26.0 10.0  12.5 11.9 - 13.1 5.7 - 19.9 
 
  
    
Māori, n = 28 
  
    
Total Fat 70.0 23.5  34.9 32.5 - 37.3 17.3 - 48.4 
SFA 24.5 10.5  12.7 11.6 - 13.7 7.7 - 17.6 
PUFA 11.5 4.5  5.5 4.9 - 6.1 1.5 - 8.7 
MUFA 26.5 10.5  13.3 12.1 - 14.4 5.5 - 21.0 
 
  
    
Pacific, n = 5 
  
    
Total fat 86.0 42.0  34.2 30.6 - 37.8 27.2 - 38.0 
SFA 33.0 11.0  13.0 11.5 - 14.5 10.9 - 15.5 
PUFA 15.0 8.0  5.6 4.0 - 7.1 3.2 - 7.4 
MUFA 32.0 5.0  12.4 10.3 - 14.4 9.1 - 15.2 
 
  
    
Asian, n = 6 
  
    
Total fat 59.0 54.0  33.9 28.9 - 39.0 23.9 - 40.1 
SFA 21.0 17.0  12.2 10.8 - 13.5 9.7 - 14.7 
PUFA 9.0 5.0  5.2 4.1 - 6.3 3.3 - 6.6 
MUFA 22.5 19.0   13.4 10.5 - 16.2 7.9 - 16.7 
SFA = saturated fatty acids; PUFA = polyunsaturated fatty acids; MUFA = monounsaturated 
fatty acids; NZ = New Zealand; g = grams; % = percentage; TE = total energy; 95% CI = 95 





Table 5.3 Mean (95% CI ) fat intakes as expressed as a percent of total energy intake among 
adolescent females in the SuNDiAL study and the 2008/09 ANS  
 
SuNDiAL (n = 132)   2008/09 ANS (n = 373) 
      
 Mean (% TE) 95% CI  Mean (% TE) 95% CI 
Type of fat      
Total fat 34.3 33.4 - 35.3 
 
33.6 32.5-34.6 
SFA 12.8 12.4 - 13.3 
 
13.8 13.2-14.3 
PUFA 5.3 5.0 - 5.5 
 
4.5 4.2-4.7 
MUFA 12.7 12.2 - 13.2   11.9 11.4-12.4 
95 % CI = 95 percent confidence interval; SuNDiAL= Survey of Nutrition, Dietary Assessment 
and Lifestyle; 2008/09 ANS = 2008/09 Adult Nutrition Survey; n = number; % = percentage; TE 
= total energy; SFA = saturated fatty acids; PUFA = polyunsaturated fatty acids; MUFA = 
monounsaturated fatty acids 
 
5.2.1 Fat intake as percentage of total energy by ethnicity and weight category 
When comparing fat intakes based on ethnicity, fat intakes as percentage of TE did not 
appear to differ between groups for all types of fat consumed (Figure 5.1). 
Due to the small proportion of participants from Pacific and Asian descent, these results 
must be interpreted with caution. When the mean difference between NZEO and Māori 
(NZEO minus Māori) were calculated, there was no evidence of a difference for total fat 
-0.6 [95% CI -17.5, 16.2], SFA 0.2 [95% CI -7.5, 8.0], PUFA -0.2 [95% CI -4.4, 3.9], 
and MUFA -0.7 [95% CI -9.2, 7.6]. Furthermore, when the mean difference between 
participants classified as non-overweight (BMI z-score of <1) and overweight/obese 
(BMI z-score of ≥1) ( non-overweight minus overweight/obese) were calculated , there 
was no evidence of a difference for total fat -0.9 [95% CI  -17.1, 15.3], SFA -0.3 [95% 











Figure 5.2 Mean (standard error) total fat, SFA, PUFA and MUFA intake expressed as 
percentage of total energy among non-overweight and overweight/obese individuals. 
TE = total energy; % = percentage; SFA = saturated fatty acids; PUFA = polyunsaturated fatty 





























































Figure 5.1 Mean (standard error) total fat, SFA, PUFA and MUFA intake expressed as a 
percentage of total energy among NZEO, Māori, Pacific and Asian individuals. 
 
TE = total energy; % = percentage; SFA = saturated fatty acids; PUFA = polyunsaturated fatty 





5.2.2 Percentage of participants meeting the NHMRC fat intake 
recommendations for total fat and SFA  
A total of 46.9% of participants had total fat intakes between the recommended 20-35% 
TE, however 50.8% had fat intakes above 35% TE and 2.3% had intakes below 20% 
TE. Only 16.7% met the SFA requirements to consume <10% TE, while 83.3% had an 
intake above the recommendation. The NHMRC does not have a recommendation for 
PUFA or MUFA as percentage of TE. 
5.2.3 Percentage of participants meeting the WHO recommendations for chronic 
disease for total fat, SFA and PUFA 
A total of 19.7% of participants met the recommendation to limit total fat intake to 15-
30% TE, while 80.3% had a fat intake above 30% TE. As the WHO recommendation 
for SFA is the same as the NHMRC, 16.7% met the requirements to reduce SFA to 
<10% TE and 83.3% exceeded the maximum 10%. A total of 31.1% of participants had 
PUFA intakes between 6-10% TE, while a total of 68.9% did not meet the requirements 
with intakes of <6% TE.  
5.3 Food sources of fat among adolescent females in NZ 
The categorisation of foods for the food groups that contribute to the top 10 food 
sources for total fat, SFA, PUFA or MUFA consumed by adolescent females are 
presented in Table 5.4. Figure 5.3 displays the top 10 food groups contributing to total 
fat, SFA, PUFA and MUFA as percentage of fat for the total population.  
The five greatest contributors to total fat intake were bread-based dishes, potatoes, 
kumara and taro, poultry, cakes and muffins and grains and pasta. For SFA, bread-based 
dishes were followed by biscuits, cheese, cakes and muffins, and potatoes, kumara and 
taro. The greatest contributor to PUFA intake were nuts and seeds followed by bread-
based dishes, bread, grains and pasta, and potatoes kumara and taro, while the five 
greatest contributors to MUFA intake were poultry, bread-based dishes, potatoes, 




Changes have occurred in the foods contributing to fat intakes since the 2008/09 ANS 
(Table 5.5). Bread-based dishes continued to feature in the top three sources 
contributing to total fat, SFA, PUFA and MUFA while poultry and potatoes, kumara 
and taro featured in the top three sources contributing to both total fat and MUFA 
intakes. For all fat types consumed by adolescents during the SuNDiAL project, there 
were greater food groups containing processed food items compared to the 2008/09 
ANS such as bread-based dishes, cakes and muffins, snack foods, snack bars, biscuits, 




Table 5.4 Food categorisation of the most common food groups that contributed to total fat, 
SFA, PUFA or MUFA intake during the SuNDiAL project  
Food group a Example of food items included 
Beef and veal All muscle meats (steak, mince, corned 
beef, roast, schnitzel, etc), stews, stir-fries 
Biscuits Sweet biscuits (plain, chocolate coated, fruit 
filled, cream filled), crackers 
Bread All types of bread (rolls, pita, focaccia, 
garlic), bagels, crumpets, sweet buns 
Bread based dishes Sandwiches, filled rolls, hamburgers, 
hotdogs, pizza, nachos, doner kebabs, 
wontons, spring rolls, stuffing 
Cakes and muffins All cakes and muffins, slices, scones, 
pancakes, doughnuts, pastry 
Cheese Cheddar, edam, specialty (blue, brie, feta, 
etc), ricotta, cream cheese, cottage cheese, 
processed cheese 
Dairy products Cream, sour cream, yoghurt, dairy food, ice-
cream, dairy-based dips 
Grains and pasta Rice (boiled, fried, risotto, sushi, salad), 
flour, pasta/noodles, bran, cereal-based 
products and dishes (pasta and sauce, 
lasagne, pasta salad, noodle soup, chow 
mein 
Milk All milk (cow, soy, rice, goat and flavoured 
milk), milkshakes, milk powder 
Nuts and seeds Peanuts, almonds, sesame seeds, peanut 
butter, chocolate/nut spreads, coconut 
(including milk and cream), nut-based dips 
(pestos) 
Pies and pastries All pies including potato top, pasties, 
savouries, sausage rolls, quiche with pastry 
Potatoes, kumara and taro Mashed, boiled, baked potatoes and 
kumara, hot chips, crisps, hash browns, 
wedges, potato dishes (stuffed, scalloped 
potatoes), taro roots and stalks 
Poultry All chicken, duck, turkey and mutton-bird 
muscle meats and processed meat, stews 
and stir-fries 
Savoury sauces and condiments Gravy, tomato and cream-based sauces, 
soy, tomato and other sauces, cheese 
sauces, mayonnaise, oil & vinegar 
dressings, chutney, marmite 
Snack foods Corn chips, popcorn, extruded snacks 
(burger rings etc), grain crisps 
Snack bars Muesli bars, wholemeal fruit bars, puffed 
cereal bars, nut and seed bars 
SFA = saturated fatty acids; PUFA = polyunsaturated fatty acids; MUFA = monounsaturated 
fatty acids; SuNDiAL = Survey of Nutrition, Dietary Assessment and Lifestyle; 2008/09 ANS = 
2008/09 Adult Nutrition Survey 
 
a Food groups used during the SuNDiAL project are the same as the food groups used during 






























































































































































































































5.3.1 Butter and margarine consumption  
Unlike the 2008/09 ANS, butter and margarine did not feature in the top 10 contributors 
for any type of fat consumed during the SuNDiAL study (Table 5.5). Of 126 
participants who filled out the dietary habit’s questionnaire, 35.7% stated they used 
butter as their spread of choice while 41.3% used margarine and 11.9% used another 
spread. The remaining participants either did not know the type of spread used or did 
not use any. Furthermore, most participants used oil such as olive or canola oil (73%) 
followed by coconut oil (13.5%), butter (7.9%), margarine (0.8%) and dripping or lard 
(0.8%). The remaining participants either did not know the kind of oil/fat used or did 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































6 Discussion  
This cross-sectional study found that the mean intakes of total fat (34.3% TE), MUFA 
(12.7% TE), and PUFA (5.3% TE) as expressed as a percent of energy among 
adolescent females in NZ were similar to those reported in the 2008/09 ANS. 
Conversely, intakes of SFA (12.8% TE) were lower. There appeared to be no evidence 
of a difference between fat intakes by ethnic group or weight category. Compared to the 
NHMRC and WHO recommendations, 53.1% and 80.4% of adolescents exceeded 
recommendations for total fat, respectively. Despite lower SFA intakes, 83.3% of 
participants exceeded both the NHMRC and WHO recommendations. Polyunsaturated 
fatty acid intakes remained below the WHO recommendation for over two-thirds of 
participants. The top three food sources contributing to total fat intake were bread-based 
dishes, potatoes, kumara and taro and poultry; bread-based dishes, biscuits and cheese 
for SFA; nuts and seeds, bread based dishes and bread for PUFA; and poultry, bread-
based dishes and potatoes, kumara and taro for MUFA. Compared to the 2008/09 ANS, 
there is a higher contribution of fat from food groups containing processed foods such 
as bread-based dishes, cakes and muffins, snack foods, snack bars, biscuits, pies and 
pastries.  
6.1 Fat intakes of adolescent females in NZ 
6.1.1 Total fat 
The mean percentage of fat consumed was 34.3% TE, ranging from 17.3-50.9% TE. 
Total fat intakes were at the upper end of the AMDR, as half of the participants 
exceeded the NHMRC recommendation to limit fat to 20-35% TE (22). Similarly, fat 
intakes during the 2008/09 ANS and 1997 NNS averaged 33.6% TE and 34% TE, 
respectively (47, 51). These results remain consistent with studies globally, where total 
fat intakes ranged between 32-35.7% TE (23, 52-58). The WHO AMDR is lower at 15-




reproductive age and intakes of 35% TE can be consumed as part of a balanced diet 
(24). Although in the current study fat intake did not differ between weight category, 
over consumption of fat can affect energy balance which is crucial to maintaining a 
healthy body weight (16). Diets lower in fat are associated with a lower body weight 
(17). Therefore, as obesity is associated with multiple comorbidities such as CVD and 
T2DM (19) and obese adolescents are more likely to be obese in adulthood (43, 44), a 
reduction in total fat among NZ adolescent females could be beneficial for those at risk 
of overweight and obesity. 
6.1.2 SFA 
The mean percentage of SFA consumed was 12.8% TE, ranging from 7.2-21% TE. SFA 
intakes are lower than the 2008/09 ANS and the 1997 NNS where intakes were 13.8% 
TE and 14% TE, respectively (47, 51). Unfortunately, intakes continue to exceed the 
NHMRC and WHO recommendations with 83.3% of participants consuming above the 
recommended intake of <10% TE (22, 24). These results are consistent with studies 
internationally, where intakes also exceed recommendations (23, 52-58) Similar to the 
findings of the current study, in Australia SFA intakes decreased between the 1995 
NNS and the 2011/12 AHS (52, 53). However, when a food record was used instead of 
a 24-hour recall, intakes of Australian adolescents appeared slightly higher (54) than 
reported during the 2011/12 AHS (53). Irrespective of this, intakes remain high. Dietary 
habits formed during adolescence tend to track through in to adulthood (1), therefore 
high SFA intakes during adolescence that remain high, increase the risk of CVD (5-9) 
later in life.  
6.1.3 PUFA 
The mean percentage of PUFA consumed was 5.3% TE, ranging from 1.5-9% TE. Only 
31.1% met the WHO recommendation of 6-10% TE, with the remaining participants 




intakes were slightly higher than the 2008/09 ANS (4.5% TE) and the 1997 NNS (5% 
TE) (47, 51). Intakes were comparable to Australia and Europe where PUFA intakes are 
low (52-54, 57), while PUFA intakes in Ireland (56) and the USA (58) are compatible 
with the WHO recommendations. Polyunsaturated fatty acid intakes from Ireland are 
based on a 7-day food diary (56) and intakes in Ireland may be attributed to the top 
three contributing, high PUFA food sources including potatoes (chipped, fried and 
roasted), meat products, and spreading fats (other than butter or low-fat spreads) (56). 
An increase in PUFA within NZ adolescents is likely to be beneficial, as research shows 
replacement of SFA with PUFA has the greatest reduction in CVD risk (13-15). 
6.1.4 MUFA 
The mean percentage of MUFA consumed was 12.7% TE, ranging from 5.5-21% TE. 
Intakes were similar to those reported during the 2008/09 ANS and the 1997 NNS 
(11.9% TE and 12% TE, respectively) (47, 51). Intakes are comparable internationally, 
ranging from 10.7% TE in Australia (54) to 12.8% TE in Ireland (56). Monounsaturated 
fatty acids decrease LDL cholesterol (9), albeit to a lesser extent than PUFA, positively 
impacting CVD risk.  
6.1.5 Fat intakes among demographic subgroups  
Pacific and Asian individuals were underrepresented therefore intakes could not be 
compared to other ethnic groups. There was no evidence of a difference when 
comparing fat intakes of Māori and NZEO adolescent females. This is consistent with 
findings of the 2008/09 ANS and the 1997 NNS (47, 51). Furthermore, ethnicity did not 
appear to influence fat intakes of adolescents aged 12-19 years in the USA (59). In 
comparison in an Australian study, indigenous individuals had higher intakes of SFA 
(60). Factors such as country, generation and availability of food can influence fat 




There appeared to be no evidence of a difference in fat intakes between non-overweight 
and overweight/obese individuals. The association between fat intake and weight was 
not examined during the 2008/09 ANS. Body mass index did not seem to influence fat 
intakes among Irish and European adolescents (56, 57). As fat intake is associated with 
body weight (17), these results need to be confirmed.  
6.2 Food sources of fat among adolescent females in NZ 
6.2.1 Total fat  
Compared to the 2008/09 ANS (47), the contribution of bread-based dishes, potatoes, 
kumara and taro, poultry and grains and pasta and bread to total fat was lower, while the 
contribution from cakes and muffins and cheese were higher. Alternatively, food groups 
which made important contributions to fat intakes in the 2008/09 ANS including butter 
and margarine, milk and beef and veal did not feature in the top 10 food groups during 
the current study. Instead, these were replaced by nuts and seeds, biscuits and snack 
foods. The increased consumption of nuts and seeds suggests a positive shift in eating 
behaviours of adolescents and is encouraged. Overall, fat sources of adolescent females 
can be improved. The increase in food groups containing processed foods items such as 
biscuits, snack foods and cakes and muffins suggest dietary patterns are not in line with 
the MOH recommendations to reduce foods high in fat, particularly SFA (2). 
6.2.2 SFA 
Compared to the 2008/09 ANS (47) the contribution of bread-based dishes, potatoes, 
kumara and taro, milk, dairy products and poultry to SFA intake was lower, while the 
contribution from cakes and muffins and cheese were higher. Alternatively, butter and 
margarine, sausages and processed meat and beef and veal did not feature in the top 10 
food groups during the current study. Instead, these were replaced by biscuits, grains 
and pasta, and pies and pastries. Despite butter and margarine contributing less energy 




participants compared to 17.2% during the 2008/09 ANS (47). This could be evidence 
of changing dietary patterns among adolescents. As adolescents are vulnerable to the 
influence of food marketing and the media (36), a study by Chowdhury et al (25) in 
2014 which resulted in the statement “is butter back” circulating within the media, may 
explain the increased preference of butter. Alternatively, the decrease in butter and 
margarine may be a result of the use of alternative spreads such as nut butters which are 
lower in SFA. Furthermore, data collection methods used during the 2008/09 ANS 
differed to the SuNDiAL study. Interviews were computer automated and conducted in 
the participants home; often with a parent present who was aware of the addition of oil, 
butter and margarine when cooking (47). The large amount of processed and packaged 
foods among the top 10 food groups explains the high SFA intakes, and a focus on 
reducing these is necessary to meeting the NHMRC and WHO recommendations and 
achieving a healthy balanced diet consistent with the MOH guidelines.  
6.2.3 PUFA 
Compared to the 2008/09 ANS (47), the contribution from bread-based dishes, potatoes, 
kumara and taro, bread and poultry to PUFA intake were lower, while the contribution 
from grains and pasta and cakes and muffins were higher. Alternatively, butter and 
margarine, vegetables, fish and seafood and breakfast cereals did not feature in the top 
10 food groups during the current study. Instead, these were replaced by nuts and seeds, 
snack foods, savoury sauces and condiments and snack bars. Due to the roles SFA and 
PUFA play in CVD (9), groups high in PUFA and SFA such as bread-based dishes, 
potatoes, kumara and taro, cakes and muffins, snack foods should be reduced. Instead, 
increased consumption of nuts and seeds, oily fish, green leafy vegetables and quality 





Compared to the 2008/09 ANS (47), the contribution from potatoes, kumara and taro, 
bread-based dishes, poultry, butter and margarine, grains and pasta and beef and veal to 
MUFA intake were lower, while the contribution from cakes and muffins were higher. 
Alternatively, butter and margarine, sausages and processed meat, vegetables and fish 
and seafood did not feature in the top 10 food groups during the current study. Instead, 
these were replaced by nuts and seeds, snack bars, snack foods, and bread. 
Monounsaturated fatty acids are important for reducing CVD risk (9); consuming 
quality sources such as poultry and nuts and seeds, and monounsaturated oils is 
encouraged while the consumption of processed foods such as snack foods, cakes and 
muffins, potatoes, kumara and taro and bread-based dishes is discouraged.  
6.3 Strengths and limitations  
There are several limitations and strengths that should be considered when interpreting 
the results of this study. Firstly, accuracy of the PUFA and MUFA intakes are 
questionable. When selecting an appropriate match for a reported food within 
FoodWorks, total fat and SFA were expected to be within 10% of the values found on a 
food’s nutrition information panel. For practical purposes, neither PUFA nor MUFA 
content were considered when selecting an appropriate match. Furthermore, the 
increased consumption of nuts and seeds contributing to total fat, PUFA and MUFA 
intakes may therefore be a result of coding differences between the SuNDiAL study and 
the 2008/09 ANS. Secondly, participants were not representative of the adolescent 
population in NZ. Asian and Pacific students were underrepresented, and there were no 
decile one or two schools. There was also no formal cluster analysis performed for 
school deciles. Therefore, results cannot be extrapolated to the general female 
adolescent population and results should be interpreted with caution. Thirdly, due to 




on each day of the week. Therefore, some days were under-represented, including 
Friday and Saturday; days in which dietary patterns differ and fat and energy appear 
higher (80). Finally, underreporting was not assessed. This is concerning as high fat 
foods are commonly underreported (65, 66), and underreporting is more common in 
females (65, 69-71), those with a higher BMI (65, 69-71), and Pacifica and Māori 
individuals (65, 69, 70). However, the degree of underreporting is unlikely to be 
different from other surveys as the findings of this study suggest that intakes are 
consistent with those in similar studies.  
A strength of the study is that 85.6% of participants completed a second 24-hour recall 
to capture usual intake, compared to 20% during the 2008/09 ANS. In addition, the 
second recall was taken while participants were in their own home which allowed 
detailed information regarding brands, amounts and recipes to be collected, while 
brands or types of fats/oils which were unknown during the first recall were confirmed 
during the second, increasing the accuracy of the recall. Another strength is that all 17 
data collectors underwent eight weeks rigorous training in research methods and data 
collection procedures. Strict protocols were adhered to throughout data collection and 
data entry. Standardised training and adherence to protocols reduces potential bias 
during 24-hour recalls (72). Furthermore, there was rigorous quality control around the 
entry of data to the FoodWorks database. Data collectors entered their own 24-hour 
recalls; however, all entries were checked by one other person to ensure entries were 
consistent and accurate.  
6.4 Implications for future research 
A study with a larger representative sample size including a diverse range of ethnicities, 
deciles and SES within the NZ population is required to confirm our results. This would 
also allow for comparison between ethnic groups and different socioeconomic groups. 




types, as this provides important information which can inform strategies to improve the 
diets of adolescents. 
6.5 Conclusion 
In conclusion, this study provides current information on the fat intakes of adolescent 
females in NZ. Overall, SFA exceed recommendations while PUFA intakes fall short. 
The contribution of processed and packaged foods to all types of fat appeared higher 
than in the 2008/09 ANS. There appears to be no differences in fat intake by ethnicity or 
weight, however further studies examining intakes among a nationally representative 
sample would be beneficial to confirm this. Overall, these results suggest that based on 
usual intakes, the quality of fat among healthy adolescent females aged 15-18 years 





7 Application of Research to Dietetic Practice 
High quality, up to date evidence forms the basis of dietetic practice. The results of this 
thesis indicate that fat intakes of adolescent females aged 15-18 years in NZ are of 
concern, supporting previous literature (47, 51). This is due to high intakes of total fat 
and SFA, and low intakes of PUFA compared to recommendations for adolescents to 
prevent chronic disease risk. The undesirable food choices that contribute to the top 10 
food sources of all types of fat consumed suggest that food choices of adolescent 
females are not in line with the current MOH recommendations to reduce packaged and 
processed foods. Furthermore, processed and packaged food items are not only high in 
total and SFA but also salt and sugar. Diets high in these foods, which are energy dense 
and nutrient poor (2), are unlikely to support optimal growth and development as they 
displace other important nutrients within the diet. This is concerning to dietitians and 
public health experts due to the association between fat intake and body weight (17), 
colorectal cancer (21) and particularly with CVD (5-9), as atherosclerosis is thought to 
begin in childhood and adolescence (5-8). A focus on improving the dietary behaviours; 
more specifically reducing SFA and increasing PUFA among adolescent females (13-
15), is necessary to ensure adolescents develop healthy dietary patterns that track 
through in to adulthood (1) and prevent chronic disease later in life (5). The results of 
this thesis support the necessity for public health policies aimed specifically at 
adolescents to reduce fat intake and promote healthy dietary habits to prevent the 
development of chronic disease. Furthermore, findings of this study not only contribute 
to the current data pool but will be beneficial when working with adolescent females in 
a clinical setting as they give insight to the current trends occurring in dietary intakes. A 
national nutrition survey, much like the 2008/09 ANS is required in the near future to 





As research is applicable to every aspect or job in the dietetic field, experiencing 
research hands on is an invaluable experience. Firstly, this research project has provided 
me with a greater appreciation for those working in research, due to the challenging 
nature and unpredictability of completing a research project. I found the unpredictable 
nature and last-minute changes difficult as I assumed, I would enjoy the flexibility 
associated with research. While I prefer structure, I have acknowledged that things don’t 
always go to plan and when working with others or relying on external factors, 
flexibility is a necessity. Because of this, my management skills have improved as I 
have constantly had to manage my own time and workload while being kept on my toes 
due to numerous last-minute changes. Research has also markedly improved my 
independent critical thinking and written communication skills, through the self and 
peer evaluation required during the competition of each draft which will enable me to 
communicate more effectively with others with ease and clarity while working as a 
dietitian. Completing a research project has provided me with the tools and skills that I 
require to apply theories in practice, interpret studies more efficiently and complete any 
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Approval is for up to three years from the date of this letter. If this project has not 
been completed within three years from the date of this letter, re-approval or an 
extension of approval must be requested. If the nature, consent, location, procedures 
or personnel of your approved application change, please advise me in writing. 
 
The Human Ethics Committee (Health) asks for a Final Report to be provided upon 
completion of the study. The Final Report template can be found on the Human 






Mr Gary Witte 
Manager, Academic Committees 
Tel: 479 8256 
Email: gary.witte@otago.ac.nz 




: Māori Consultation   
 
Monday, 17 December 2018  
Dr Meredith Peddie  
Department of Human Nutrition  
  
  
Tēnā Koe Dr Meredith Peddie  
The SuNDiAL Project 2019: Survey of Nutrition, Dietary Assessment and 
Lifestyle.  
The Ngāi Tahu Research Consultation Committee (the Committee) met on Tuesday, 11 
December 2018 to discuss your research proposition.  
By way of introduction, this response from The Committee is provided as part of the 
Memorandum of Understanding between Te Rūnanga o Ngāi Tahu and the University. 
In the statement of principles of the memorandum it states ″Ngāi Tahu acknowledges 
that the consultation process outline in this policy provides no power of veto by Ngāi 
Tahu to research undertaken at the University of Otago″. As such, this response is not 
″approval″ or ″mandate″ for the research, rather it is a mandated response from a Ngāi 
Tahu appointed Committee. This process is part of a number of requirements for 
researchers to undertake and does not cover other issues relating to ethics, including 
methodology they are separate requirements with other Committees, for example the 
Human Ethics Committee, etc.  
Within the context of the Policy for Research Consultation with Māori, the Committee 
base consultation on that defined by Justice McGechan:  
″Consultation does not mean negotiation or agreement. It means: setting out a proposal 
not fully decided upon; adequately informing a party about relevant information upon 
which the proposal is based; listening to what the others have to say with an open mind 
(in that there is room to be persuaded against the proposal); undertaking that task in a 
genuine and not cosmetic manner. Reaching a decision that may or may not alter the 
original proposal.″  
  
The Committee considers the research to be of importance to Māori health.   
  
As this study involves human participants, the Committee strongly encourages that 
ethnicity data be collected as part of the research project as a right to express their self-





The Committee suggests researchers consider the Southern District Health Board's 
Tikaka Best Practice document, in particular patient engagement. The document also 
covers the collection, storage and disposal of blood and tissue samples. This document 
is available on the Southern District Health Board website. The Committee also refers 
researchers to Te Mana Raraunga Māori Data Audit Tool, which gives an overview of 





We wish you every success in your research and the Committee also requests a copy 
of the research findings.  
This letter of suggestion, recommendation and advice is current for an 18-month 
period from Tuesday, 11 December 2018 to 3 June 2020.  
  
The recommendations and suggestions above are provided on your proposal submitted 
through the consultation website process. These recommendations and suggestions do 
not necessarily relate to ethical issues with the research, including methodology. Other 
Committees may also provide feedback in these areas.  
Nāhaku noa, nā  
  
Claire Porima 
Kaiwhakahaere Pūtere  
Senior Project 
Manager Office of 
Māori Development  
Te Whare Wānanga o  




Web: www.otago.ac.nz  
 
   












          Participant Information Sheet 
 
Study title: The SuNDiAL Project 2019: A survey of nutrition, dietary 
assessment and lifestyle  
Principal 
investigators: 
Names Dr Jill Haszard & Dr Meredith Peddie 
Department: Human Nutrition 
Position: Research Fellows 
Contact phone 
number: 
03 479 5683 
03 479 8157  
 
Introduction 
Thank you for showing an interest in this project.  Please read this information sheet carefully. 
Take time to think about it and talk with family or friends before you decide whether to take 
part or not. 
If you decide to take part we thank you.  If you decide not to take part that won’t disadvantage 
you and we thank you for considering our request.    
What is the aim of this research project? 
We don’t know much about teenage women’s food intakes and lifestyles in New Zealand. We 
suspect that they don’t get enough of some nutrients like iron sometimes, and that this can 
make them feel tired and affect their health. Teenagers often make their own decisions about 
what foods to eat, but we don’t know very much about why they choose the foods they eat. 
Therefore in 2019 the SuNDiAL project is going to investigate food intakes, nutrition, health, and 
why female high school students (aged 15-18 years) choose to eat the way they do. 
Who is funding this project? 
This project is funded by the Department of Human Nutrition, University of Otago, and a 
Lottery Health Research Grant.  
 
Who are we seeking to participate in the project? 
We are looking for at least 300 female high school students who are between 15 and 18 years 
old.  To be eligible to take part, your high school must have agreed to take part in the study, 





If you participate, what will you be asked to do? 
If you agree to take part in this study you will be asked to do three things: 
1) Complete an online questionnaire 
After you have completed the consent process you will be asked to complete a 
questionnaire that asks questions about your health and some general questions such as 
what ethnicity you identify with this questionnaire also asks you about your overall eating 
habits, and why you choose to eat the foods that you do.  This questionnaire will take about 
30 min to complete.   
2) Attend a session at your school with our research team  
This visit will take about 60 minutes and you will be asked to: 
• Complete a face to face interview with one of our research team during which you 
will be asked to recall everything you ate and drank the day before.   
• At this session one of our research team will also measure your height, your weight, 
and the length of your lower arm – these measurements will be done twice to make 
sure they are as accurate as possible. This will be done in a private space and you 
won’t be told these measurements unless you ask for them.  
3) Complete a second interview about the food you have eaten on another day 
Sometime in the 2 weeks after you have finished the session at school you will be contacted 
by the research team and asked to complete a second interview in which you will be asked 
to recall everything you ate and drank on a different day of the week than the first 
interview .  This is important because sometimes you can eat quite differently from one day 
to the next.  This interview will be performed over facetime or zoom, at a time that is 
convenient for you. 
 
There are three other parts to the SuNDiAL project that are entirely optional.  
Please read the following information carefully before you decide whether to take part in 
these optional bits of the study. If you agree to do these, but change your mind later, that’s OK 
- there is no disadvantage to not you if you decide not to do these. You will be asked again on 
the day if you still want to do them. 
1) Provide a blood sample 
We would like you to provide a blood sample (which would be collected by someone with 
extensive training in how to collect blood during the session at school), but we understand 
that not everyone feels comfortable about this so it is entirely up to you if you do this.  
However, if you do provide a blood sample, we can tell you whether you’re iron deficient or 
not. You can still take part in the rest of the study even if you don’t do this bit. 
2) Provide a urine sample 
We would also like you to give a urine (“pee”) sample (which is easy for you collect yourself 
in the bathroom with the equipment we give you, during the session at school). You can still 
take part in the rest of the study even if you don’t do this bit. 
3) Wear an accelerometer for a week 
We would also like you to wear a small red box called an accelerometer on an elastic belt 




much time you spend sitting down, moving around, and sleeping.  If you choose to wear the 
accelerometer you will be asked to complete a little diary about the times your took the 
device off, and what time you went to bed each night on the days that you wear it. One of 
our research team will return to your school the week after this visit to collect the 
accelerometer. You can still take part in the rest of the study even if you don’t do this bit. 
After the completion of the study you will receive a $5 voucher for each component of the 
study that you complete.  That is $5 for completing the online questionnaire, $5 for completing 
the face to face interview about what you ate in the last 24 hours, $5 got completing the 
second interview about what you ate;  $5 for providing a blood sample; $5 for providing a 
urine sample or $5 for wearing the accelerometer for a week.  Adding to a possible total of $30 
in vouchers. 
 
Is there any risk of discomfort or harm from participation? 
If you choose to provide a blood sample, you should know that there is a risk of a little pain or 
discomfort, and possibly a small bruise from the blood test.  Any bruising should only last a few 
days and an experienced nurse or phlebotomist (someone with training to take blood samples) 
will collect the blood to minimize any discomfort to you. 
 
What specimens, data or information will be collected, and 
how will they be used?  
The answers you provide to the questionnaires and the food questionnaire will be entered into 
a database with every other participants’ answers. All your answers will be kept confidential 
and stored using an id number, not your name. This information will provide valuable and 
unique information about the nutrition status of female high school students in New Zealand. 
Information about why people eat the way they do will also be very helpful if some eating 
patterns provide health benefits. Ultimately, the results of this study will support the 
development of up-to-date government and health agency guidelines for young women in 
New Zealand. 
If you provide a blood sample it will be divided into 3 separate parts.  One part will be taken to 
a local laboratory where it will be analysed for Vitamin B12 concentrations and a complete blood 
count.  The other two parts of your blood sample will be transported to the Department of 
Human Nutrition at the University of Otago where they will be stored in a freezer until we have 
finished collecting all the blood samples from around the country.  When all the blood samples 
have been collected, one part of your blood sample will be sent to Germany where it will be 
analysed for ferritin, soluble transferrin receptor, retinol binding protein, C-reactive protein and 
alpha-glycoprotein.  We are sending this sample to Germany because they have a special 
machine that can measure these things on a much smaller amount of blood, at a smaller cost, 
than we can do in New Zealand.  The remaining part of your blood sample will remain at the 
Department of Human Nutrition, where it will be analysed for plasma selenium and plasma zinc, 
thiamin, plasma folate, Vitamin B6, Leptin, Interlukin-6 and blood lipids. 
If you provide a urine sample it will also be transported to the Department of Human Nutrition 





Once all of the analysis on your blood and urine samples has been completed they will be 
disposed of using standard biohazard protocols.  On the consent form you can indicate to us if 
you would like your samples disposed of with a Karakia (Māori Prayer).  We will only lest your 
samples for the things listed here, and won’t test them for anything else. 
What about anonymity and confidentiality? 
Your information will be identified with an ID number only in the database that contains the 
results of the study.  This database will be stored on the researchers’ computers which are 
password protected.  A backup copy may also be stored on the University’s shared server 
space, but only Jill Haszard and Meredith Peddie will have the password so no one else can 
access the information .   
The information linking you to your ID number will be stored in a separate password protected 
file that only Jill Haszard and Meredith Peddie will have access to.  The only reason they would 
access this information once you have completed the study would be if you requested your 
individual results.  This file will be destroyed once all participants have been given the 
opportunity to request individual information.  The de-identified information collected as part 
of this research will be kept in secure storage for at least 10 years. 
 
If you agree to participate, can you withdraw later? 
You may pull out of the project before the study has been completed (anticipated to be 
October 2019) without any disadvantage to yourself of any kind. Once data collection is 
completed and your information is integrated into the study it will no longer be possible to 
withdraw your information from the study. 
 
Any questions? 
If you have any questions now or in the future, please feel free to contact either: 
 
Name: Dr Jill Hazsard 
Position: Senior Research Fellow 
Department of Human Nutrition 
Contact phone number: 
03 479 5683 
Name: Dr Meredith Peddie 
Position: Research Fellow 
Department of Human Nutrition 
Contact phone number: 
03 479 8157 
 
This study has been approved by the University of Otago Human Ethics Committee (Health). If 
you have any concerns about the ethical conduct of the research you may contact the 
Committee through the Human Ethics Committee Administrator (phone +64 3 479 8256 or 
email gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and 




: ID Number Protocol 
 
ID number protocol 
 






The ID number is the most important variable in this study. If the ID number is 
recorded incorrectly then any data collected cannot be matched to the right person 





1. ID numbers are assigned to participants when they register for the study. 
The list of ID numbers and names of participants who have consented to the 
study will be emailed to you regularly (the Name & ID spreadsheet). 
2. Greet your participant and take their name. 
3. Check on the Name & ID spreadsheet that they have enrolled in the study. 
4. If they have not then ask them to complete online enrolment by going to the 
SuNDiAL website, or checking their email for a link to enrol. 
5. If they are not on your latest Name & ID spreadsheet but claim to have 
recently enrolled, give Tessa, Jill, or Meredith a quick call. 
6. You cannot collect any data from participants who haven’t enrolled. 
7. Take the ID number next to their name and write it on the front of the diet 
recall recording sheet and the anthropometric recording sheet. 
8. Check that you have written the number EXACTLY as it is on the Name & ID 
spreadsheet. This is very important. 
9. Carry out the diet recall and undertake the anthropometric measures.  
10. If the participant has opted to wear an accelerometer, initialise the 
accelerometer referring to the accelerometer protocol and entering the ID 
number exactly as it is on the Name & ID spreadsheet. 
11. If they have opted to have blood and/or urine taken then book them in for a 






Blood and urine preparation 
 
1. Please see blood collection protocol and urine collection protocol 
2. ID numbers AND names are to be written on the vacutainers 
3. ID numbers (not names) are to be written on tubes. CHECK THAT THESE 
ARE WRITTEN CORRECTLY. Things to look out for include accidentally 
switching two numbers around or not clearly writing a number. 
4. ID numbers (not names) are to be written on urine tubes.  CHECK THAT 
THESE ARE WRITTEN CORRECTLY. Things to look out for are accidentally 
switching two numbers around. Things to look out for include accidentally 






Tessa Scott/SuNDiAL  phone: 
 
Jill Haszard    phone: 021 0244 8990 
 







: Enrolment Questionnaire 
 
 
SuNDiAL 2019 Enrolment Questionnaire 
 
Thank you for showing an interest in this project. Please read the information about SuNDiAL project 
carefully. This can be found on our website www.otago.ac.nz/sundial. Take time to think about it and 
talk with family or friends before you decide whether to take part or not. If you decide to take part we 
thank you. If you decide not to take part that won’t disadvantage you and we thank you for considering 
it. 
Who are we seeking to take part in the project? 
We are looking for female high school students who are 15 to 18 years old. To be eligible to take part, 
your high school must have agreed to take part in the study, you must speak and understand English, 
and be able to complete the questionnaires. 
If you take part, what will you be asked to do? 
If you agree to take part in this study you will be asked to do three things: 
1) Complete an online questionnaire with three parts to it: (i) health & demographics; (ii) why you 
choose the food you eat; and (iii) your dietary habits. 
2) Attend a session at your school with our research team. This visit will take about 60 minutes and you 
will be asked to recall the food and drink you've consumed over the last day. You will also have your 
height, weight, and length of your lower arm measured. These measurements will be done twice to 
make sure they are as accurate as possible. This will be done in a private space and you may ask for 
the measurements if you want them. 










Contact Jill (ph 03 479 5683) or Meredith (ph 03 479 8157) or email us on: sundial@otago.ac.nz 
This study has been approved by the University of Otago Human Ethics Committee (Health). If you have 
any concerns about the ethical conduct of the research you may contact the Committee through the 
Human Ethics Committee Administrator (phone +64 3 479 8256 or email gary.witte@otago.ac.nz). Any 





Click on the “agree” button below if: 
You have read the information about the study 
You have had all your questions answered about the study and understand that you can ask for more 
information at any stage 
You know that when the project is completed all personal information that could be linked to you will be 
removed from the paper records and electronic files for the project, and that these will be placed in 
secure storage and kept for at least ten years. 
You are a young woman who is 15 to 18 years old and isn’t pregnant 
You know you can pull out of the study any time before it finishes in October 2019. 







Thank you for agreeing to taking part in the SuNDiAL project! If you are female, aged 15-18 


















St Catherine’s College 
 
St Catherine’s College 
 
St Catherine’s College 
 




Thank you! You are eligible to take part in the SuNDiAL project! 
There are three other parts to the SuNDiAL project that are optional. Please read the 
following information carefully before you decide whether to take part in these optional bits 
of the study.  For each one of these that you do, you will receive a $5 gift voucher from New 
World or PaknSave. 
If you agree to do these, but change your mind later, that's OK - there is no disadvantage to 
not you if you decide not to do these. 
Once all of the analysis has been completed the samples will be disposed of using standard 
biohazard protocols.  On the consent form (below) you can tell us if you would like your 
blood sample disposed of with a Karakia (Māori Prayer).  
Electronic consent 
Click on the "AGREE" button below if: 
- You have read the information on the website 
- You want to take part in these parts of the study 
  
If you don't want to take part in these parts of the study, please click on the "DISAGREE" button. 
 
BLOOD SAMPLE: 
We would like you to provide a blood sample (which would be collected by someone with extensive 
training in how to collect blood), but we understand that not everyone feels comfortable about this so it 
is entirely up to you if you do this. If you do provide a blood sample, we can tell you whether you're iron 
deficient or not. You can still take part in the rest of the study even if you don't do this bit. 
Click on the agree button below if: 
You understand the risks of discomfort involved in providing a blood sample 
 
URINE SAMPLE: 
We would also like you to give a urine sample ("pee or wee") - which is easy for you collect yourself with 
the equipment we give you. You can still take part in the rest of the study even if you don't do this bit. 

















We would also like you to wear a small red box called an accelerometer on an elastic belt 24 hours a day 
for seven days.  This will tell us how much time you spend sitting down, moving around, and sleeping.  If 
you choose to wear the accelerometer you will be asked to complete a little diary about the times your 
took the device off, and what time you went to bed each night on the days that you wear it.  
One of our research team will return to your school the week after this visit to collect the 







Contact Information  
What is your name? 
__________________________________ 
(Preferred first name, Last name) 




Phone number (mobile would be best - 
so we can text you reminders) 
__________________________________ 
What is your home address? 
(This will be the address where we will 
send your voucher) 
  
__________________________________________ 
(number & street, suburb, city, postcode) 
 
                                                                         _______________________________________ 
(number & street, suburb, city, postcode) 
 
What is the address that you live 
at during school term?   
__________________________________________ 





    
 

















The following questions are a bit sensitive, but it is necessary for us to ask them because they can help 










































- Depo Provera injection 
- Implant (eg Jadelle) 
- Hormonal IUD (eg Mirena) 
  













































Thank you for enrolling in the SuNDiAL project! 
What happens next? 
  
We are now going to ask you to complete a questionnaire about why you eat the food you do. If you 
want to complete it at a later time, please click the Save and Return button at the bottom of this page 
(don't forget to make a note of your code so that you can return to this survey). Or, click the "Submit" 
button to continue. 
You will also get an email and/or text to tell you when you can visit the SuNDiAL clinic at your school to 

























Gain verbal consent from the participant for each measurement and explain fully 
what you will do to obtain them. Before beginning, gain consent from the 
participant to use non-permanent pen for marking anatomical land marks. 
 
NB: anthropometry tapes have a blank 
lead before measurement markings 




1. Ask the participant to remove their 
shoes, as well as any hair ornaments 
or buns/braids on the top of the head. 
 
2. If the participant is taller than the 
investigator, use a step tool to take 
the measurements.  Errors can be 
minimised by the investigator being 
parallel to the participant and the 
headpiece.  
 
3. Tell the participant to stand with their 
heels together and toes apart pointing 
outward at approximately a 60-degree 
angle. 
 
4. Make sure the back of the head, 
shoulder blades, buttocks, and heels 
of the participant are touching the 
backboard/stadiometer. 
 
5. Make sure the participant’s head is 
aligned in the Frankfort horizontal 
plane, where a horizontal line 
connects from the ear canal to the 
lower border of the orbit of the eye. 
6. Lower the headpiece to rest firmly on the top of the participant’s head and 
ask the participant to stand as tall as possible and take a deep breath. 
 
7. Record the result to the nearest 0.1 cm in the HEIGHT 1 box on the 







1. Ask the participant to remove any heavy clothing (such as jackets, heavy tops, 
boots etc). As the participant would have just had their height measurement 
done, they should not be wearing shoes. 
 
2. Turn on the scales, ensure they are switched on to metric (kg). 
 
3. Ask the participant to step on to the scales so that they are facing away from 
the display (prevent seeing the weight) cautioning them that they need to step 
up onto the scales. 
 
4. Wait for the scales to read or come to a stable number. 
 
5. Record the participant’s weight to the nearest 0.1 kg in the WEIGHT 1 box 
on the recording sheet without informing the participant  
 
ULNA LENGTH 
Ulna length is measured between the point of the elbow and the midpoint of the 
prominent bone of the wrist using an anthropometric tape. This value is then 
compared with a standardized height conversion chart. Participants should be 
dressed in light clothing with no wrist watch or other jewellery on the arm that is 
to be measured. 
1. Measure between the point of the elbow and the midpoint of the prominent 
bone of the wrist (non-dominant side). 
 
2. Read and accurately record the measurement to the nearest 0.1 cm in the 










REPEAT ALL MEAUREMENTS 
 
Repeat all three measurements again, in the same order, entering the 
measurements in the HEIGHT 2, WEIGHT 2 and ULNA LENGTH 2 box as 
appropriate (do no tell participant measurements). 
CHECK: are any of the 1st and 2nd measurements are more than 0.5 units 
apart?  If so take a third measurement where required. 
  
 
Fig 2: ulna length measurement 
 
 
Fig 2: ulna length measurement 
 
 





: 24-Hour Recall Protocol 
 
24 Hour Recall 
 
Introduce yourself to the participant, thank them for participating in the sundial project 
and ask them to take a seat. 
 
“I am going to ask you about everything that you ate and drank yesterday.  Please try 
to recall, and tell me about everything that you had to eat at drink, whether it be at 
home, or away from home, including snacks, drinks and water.” 
 
Stage One – Quicklist 
“First, we will make a quick list of all the things you ate and drank, and then we will go 
back over this list and I will ask you more details about the specific foods and drinks, 
and the amounts.”   
 
“It might help you remember what you ate by thinking about where you were, who 
you were with, or what you were doing yesterday; like going to school, eating out, or 
watching TV.  Feel free to keep these activities in mind and say them aloud if that 
helps.” 
 
“So starting from midnight the day before yesterday, what was the first thing you 
remember eating?” 
 
Start recording quick list – keep prompting until finished  
 
“That’s great.  Sometime people forget to tell us about drinks, particularly water when 
we do this list.”   
 
“How much water do you remember drinking yesterday?” (record)  
 
“Did you have any other drinks you might have forgotten about?” (record) 
 
Stage two – Collect more information  
“I am now going to ask you some more specific questions about each food.  We also 
need to work out how much of each food that you ate or drank” 
 
“Lets start at the beginning – the first thing you remember eating was xxxx”(record) 
 
What time did you eat/drink that? (record) 
 
Go on to collect specific information that is relevant to each food based on the tips 
provided on the tip sheet.  Record as much specific information as you can.  Record 
each food item in a different row. 
 
Use the photos and measurement aids to help the participant estimate the portion size.  





Before you go onto the next food on the quick list be sure to ask if they added anything 
to the food they have just described. 
 
Stage 3 – check for any further additions 
 
“Ok, thanks for working with me to provide all of that detail.  We are now going to do 
one more check to make sure there isn’t anything else that should be on this list.  I am 
going to read this list back to you.  If you remember anything else that you ate while I 
am reading it back to you please interrupt me and we will record in” 
 
Read through with the participant all the food and drink they have listed 
 
“Is there anything you can think of that we need to add in?” (record as necessary) 
 
“Last Question:  Do you know if the salt you use at home contains iodine?” (tick 
appropriate box) 
 
“Great thank you again.  If it is ok with you one day in the next week I would like to 
ring you and go through this process again on a different day, so that we can get an 
idea of how the foods you eat change from day to day.  What time of the day (outside 
of school time) would suit you for me to ring you?” 
 
Record preferred times - remember, ideally this second 24 h recall will occur on a 
randomly selected day, but that might not always be possible (at the very least it 






Remember that the more information you can obtain about each food the more 
accurate the data is going to be.  Please keep in mind that some of your fellow MDiet 
students are writing their thesis on nutrients (like Folate) that will vary from brand to 
brand depending on fortification so please be as careful and accurate as possible. 
 
You need to gather more information about each food identified on the Quicklist.  
Below are some prompts that might help you do this. 
 
Where possible for packaged foods collect the brand name 
 
Potential questions to consider asking (depending on the food reported) 
• What is the brand name? 
• Was it fresh, canned, frozen or rehydrated? 
• Was it home made?  Do they know the recipe? If they do record on the recipe 
sheet) – this is more important for savory foods than baking (as the basic 
composition of a biscuit or a cake varies much less than the composition of, for 
example, a stir fry) 
• How was it cooked?  Was it baked, fried, or boiled 
• Was the item coated before cooking, if so what it with flour, batter, eggs, or 
breadcrumbs etc? 
• Was it standard, low fat, low sugar caffeine free? 
 
Do not 
x Collect information about herbs and spices that are used in very small 
quantities 
x Ask leading questions 
x Ask for recipes for traditional home baking, but do note if it is gluten free.  
x Make assumptions  
 
Do 
✓ Keep your prompts neutral 
✓ Ask about cooking method and the type of fat used in cooking e.g. if they say 
baked, ask what with? 
✓ Collect brand names for margarine, butter, juices/fruit drinks, breakfast cereals, 
energy drinks, breads, dairy alternatives (e.g. almond milk) as the micronutrient 
content of these products can vary considerably from brand to brand. 
✓ Ask for the recipe for less traditional home baking (e.g. brownies made with 
black beans, raw caramel slice etc)  
 
94 
Useful Prompts for Specific Food Groups 
 
FRUIT 
• Peeled or unpeeled 
• Colour? – e.g. red/green apple 
• Tinned? – if so was it tinned in syrup or juice, how much of the syrup/juice did they 
have  




• Fresh, frozen or Tinned (if tinned were they tinned with flavoured 
sauce/syrup/juice) 
• Cooking method – boiled, baked (with fat/oil – what type and how much?), 
microwaved, steamed etc 
• Colour – e.g. red/green capsicums 
• Potatoes – with or without skin, if mashed what was added and how much? 
• Quantities could be recorded in cups (sliced/whole/mashed/diced) or how much of 
a whole vegetable (e.g. ½ a medium capsicum) 
• Use photos to help estimate portion size for similar vegetables not shown in 
pictures (e.g. broccoli can be used to estimate cauliflower, peas can be used for 
corn or bean etc).  Use thickness guides and rulers to help estimate sliced 
vegetables (e.g. cucumber). 
 
DAIRY 
• Milk – brand name and fat content (show picture of bottle tops) 
• Yoghurt – brand and with fruit or plain/natural or vanilla, reduced fat, low fat 
• Ice cream – brand, any additions?  If in a bowl use pictures to help estimate 
amounts.  
• Cheese - - type (e.g. Edam, Colby, Feta), brand, grated (in cups or use pictures) or 
sliced (thickness guides) 
 
NUTS 
• Roasted, raw, salted, other favouring, blanched 
• Whole, chopped, slivered 
• Mixed – with or without peanuts 
• How many cups or how many whole nuts? or can use beans to estimate handful size 
 
BREAD 
• White, wholemeal, wholegrain, light or dark rye (use photos to help with 
identification) 
• Brand name (important for fortification) 
• Toast or sandwich slice (thick or thin) 
• For buns – any toppings (don’t worry about small amounts of seeds, but do record 




• People often use the term butter and margarine interchangeably so collect the 
brand name (do not comment on the fact they might not have used the correct 
description) 
• Low fat or standard 
• Phytosterols (cholesterol reducing) 
• Use pictures to help indication of thickness of spread 
 
DRINKS 
• Juices/Fruit Drinks  
o Terms used interchangeably so always collect brand information if possible 
o 100% juice or fruit drink 
o No sugar added or sweetened? 
o Added vitamins 
o Commercial or freshly squeezed 
o Did they dilute with water, is so how much 
o Use cups or pictures of cans and bottles to help estimate portion size 
 
• Fizzy drinks 
o Brand 
o Flavour 
o Diet, standard, zero sugar, type of sweetener 
o Caffeinated 
o Use cups or pictures of cans and bottles to help estimate portion size 
o  
 
• Made from liquid (cordial) or powdered concentrate (raro) 
o Brand and flavour details of concentrate 
o Standard or low energy/ low sugar version 
o How much concentrate? 
o Did they make it with water or something else? 
o How much water or other substance was added? 
 
PACKAGED FOODS 
• Brand and package size most important 
• Did they consume everything in the packet? 
 
MIXED DISHES 
• Try and record recipe if possible 
• If recipe unavailable try and get as much detail as possible 
• Check any protein ingredients, starchy ingredients, vegetables, sauces 
• Use photos, cups, plates and bowls to estimate portion size 
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Prepared by: Chaya R 
Coffee cups      
Heaped Spoons 60ml 30ml 14ml   
Dessert spoon 20ml 16ml 7ml   
Teaspoon 14ml 6ml 4ml   
Canned drinks 250ml 225ml 500ml 330ml  
Glass bottles 328ml 330ml 500ml   
Bread      
Milk tops silver yellow Dark blue Light blue green 
Muesli 25g 50g 75g 100g  
Peaches 23g 56g 138g 340g  
Cornflakes 32g 41g 55g 72g  
Porridge 11g 183g 278g 418g  
Porridge 111g 183g 278g 418g  
Margarine/butter 4g 5g 9g 12g  
Honey 10g 18g 25g 35g  
Jam 10g 18g 25g 35g  
Peanut butter 9g 12g 16g 30g  
Marmite 4g 5g 9g 12g  
Chickpea stew 130g 200g 250g 300g  
Tofu 41g 69g 109g 168g  
Stir fry 100g 182g 320g 480g  
Broccoli 17g 33g 66g 137g  
Peas 16g 31g 59g 112g  
Mixed vegetables 28g 44g 69g 109g  
Carrots 20g 37g 67g 122g  
Cabbage 14g 30g 67g 150g  
Mashed potato 102g 151g 223g 330g  
Sliced meat 30g 51g 87g 150g  
Sliced chicken 25g 50g 101g 204g  
Spaghetti 60g 100g 145g 224g  
Rice 54g 101g 191g 359g  
Noodles 92g 148g 246g 387g  
Spiral pasta 55g 101g 188g 350g  
Shepard’s pie 43g 85g 168g 332g  
Baked beans 40g 81g 166g 337g  
Stew 100g 170g 260g 360g  
Mac & cheese 24g 52g 113g 243g  
Chips 70g 118g 198g 334g  
Ice cream 30g 54g 99g 180g  
Gravy 20g 41g 85g 175g  
Whittaker’s chocolate 4g 22g 250g   
Cadbury 5g 25g 200g   
Lindt 10g 20g 100g   
Milky bar 5g 25g 200g   
Muffin 50g 130g 146g   
Nut bar 19g 22g 50g 35g 40g 
